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I.— Background  of  the  Study 


Basal  metabolic  data  are  useful  to  nutritionists 
as  a  basis  for  estimating  optimal  food  energy 
requirements  of  a  person  or  of  a  population 
group ;  they  are  useful  to  physicians  as  diagnostic 
aids  in  diseases  of  the  thyroid;  and  they  are  use- 
ful to  physiologists  as  aids  to  a  better  under- 
standing of  the  bodily  processes. 

However,  confusion  results  from  the  accumula- 
tion of  original  standards,  modified  standards, 
and  revised  standards  for  basal  metabolism  AA'hich 
are  not  in  agreement.  A  brief  history  of  the  de- 
velopment of  these  standards  for  children  fol- 
lows. 

The  first  standards  for  basal  metabolism  were 
proposed  by  Aub  and  Du  Bois  in  1917.  Pre- 
viously Du  Bois  (1916)  had  presented  a  smooth 
curve  in  terms  of  Calories  per  unit  of  body  sur- 
face for  males  1  to  80  years  of  age.  However, 
owing  to  the  paucity  of  data  for  the  younger 
children,  the  "Aub  and  Du  Bois,"  or  "Sage," 
Standards  presented  in  1917  began  with  age  14 
years  and  presented  data  at  2-month  intervals  up 
to  age  80  years,  with  the  values  for  females  cal- 
culated as  7  percent  IdcIow  the  average  for  males. 

In  1921  Benedict  and  Talbot  published  the  re- 
sults of  their  investigations  on  basal  metabolism 
from  birth  to  puberty.  They  concluded  that 
weight  was  superior  to  surface  area  for  predict- 
ing basal  metabolism  of  children.  Accordingly, 
their  proposed  standards  presented  Calories  per 
24  hours  for  each  0.5  kilogram  of  weight  from 
2.5  to  32  kilograms  for  girls  and  to  38  kilograms 
for  boys.  These  standards  are  still  used  either 
in  their  original  form  or  in  a  slightly  modified 
form.  The  original  values  are  considered  too 
low,  as  they  were  based  on  the  lowest  values  ob- 
served and  many  of  the  children  were  asleep.  In 
1925  Talbot  proposed  a  table  for  predicting  the 
basal  heat  production  of  children  from  birth  to 
12  years  from  height.  This  table  was  based  on 
the  data  reported  earlier  by  Benedict  and  Talbot. 
In  a  1933  publication  Talbot  reproduced  both  of 
these  tables. 

In   1929  Boothby   and  Sandiford  presented   a 


"modification  of  the  Du  Bois  Standards,"  using 
the  results  from  determinations  made  on  262  nor- 
mal school  childi'en  to  extend  the  standards  to 
younger  ages  (6  years).  Later,  the  well-known 
Mayo  Foundation  Standards  (Boothby  et  al., 
1936)  were  introduced  for  predicting  basal  heat 
production  in  Calories  per  square  meter  of  body 
surface  for  ages  6  years  and  over.  A^alues  from 
these  standards  are  generally  considered  to  be  too 
high,  as  the  first  value  obtained  on  a  given  sub- 
ject was  used  in  setting  up  the  standard. 

In  1935  and  in  193f  Talbot  et  al  introduced 
basal  metabolic  standards  for  girls  in  terms  of 
total  Calories  for  weight  and  for  height.  These 
standards  were  based  on  new  data  obtained  on 
85  private  school  girls  combined  with  data  pub- 
lished previously  by  Benedict  and  Talbot  (1921). 

In  1938  Talbot  presented  standards  for  girls 
that  were  stated  to  have  been  based  on  2,200 
observations.  However,  they  were  identical  with 
those  published  in  1935  that  were  reported  to  have 
been  based  on  179  measurements.  The  1938 
standards  for  the  boys  were  based  on  800  ob- 
servations, and  Avere  practically  the  same  as  the 
1921  standards  of  Benedict  and  Talbot  for  boys 
weighing  up  to  18  kilograms;  thereafter  the 
newer  standards  were  from  1  to  5  percent  higher. 

For  the  girls  the  1935  and  1938  standards  were 
slightly  lower  than  those  of  1921  up  to  10  kilo- 
grams and  thereafter  were  higher  by  as  much 
as  6  percent.  The  standards  for  both  boys  and 
girls  were  extended  for  predicting  basal  heat  pro- 
duction (Calories  per  24  hours)  for  children 
weighing  up  to  84  kilograms. 

Longitudinal  studies  made  by  the  Child  Re- 
search Council,  Denver,  Colo.,  have  resulted  in 
the  establishment  of  new  basal  metabolic  stand- 
ards for  both  boys  and  girls.  These  were  first 
presented  in  1937  by  Lewis,  Kinsman,  and  Iliff 
and  included  ages  2  to  12  years.  In  1943  Lewis, 
Duval,  and  Iliff  published  standards  from  a  sta- 
tistical analysis  combining  new  data  with  the  old 
and  extending  the  age  to  15  years.  Recently, 
another  statistical  analysis  was  made  but  not  pub- 


lished  {see  Iliff,  n.p.) ;  this  incliKied  data  ob- 
tained up  to  1952  and  extended  the  age  to  25 
rears.  These  workers  presented  standard  vahies 
for  Calories  per  square  meter  of  body  surface 
that  referred  to  age  and  Calories  per  hour  that 
referred  to  weight,  to  height,  and  to  surface  area. 

From  longitudinal  measurements  on  adolescent 
bo3^s  and  girls,  Shock  (1942)  presented  average 
heat-production  values,  Calories  per  square  meter 
of  body  surface  per  hour,  for  ages  ll^/^  to  17% 
years. 

The  foregoing  standards  are  the  ones  that  have 
been  proposed  for  children  in  the  United  States. 
Several  standards  have  appeared  recently  in 
Europe — from  Denmark  the  standard  values  for 
boys  were  presented  by  Bierring  (1931)  and  for 
girls  by  Vogelius  (1945),  and  from  Britain  the 
standards  of  Robertson  and  Eeid  (1952).  Bier- 
ring and  Vogelius,  as  did  Benedict  and  Talbot, 
considered  weight  the  superior  reference  base  for 
predicting  heat  production  of  children.  How- 
ever, Eobertson  and  Eeid  folloAved  the  practice 
of  Aub  and  Du  Bois  and  the  Mayo  Foundation 
group  of  reporting  basal  heat  production  in  terms 
of  Calories  per  unit  of  body  surface  for  a  given 
age. 

In  addition  to  these  standards,  there  have  been 
niunerous  reports  from  other  workers  investigat- 
ing the  basal  metabolism  of  children.  For  a  re- 
A'iew  of  this  literature,  see  Lewis  et  al.  (1937)  and 
Vogelius   (1945). 

From  this  brief  resume  of  standards  proposed 
in  the  past  40  years,  it  is  obvious  that  questions 
confronting  Avorkers  in  the  basal  metabolic  field 
today  are  which  standard  is  the  most  reliable 
and  which  reference  base  should  be  employed? 
It  is  generally  considered  that  the  basal  metalDolic 
rate  should  be  calculated  bv  more  than  one  stand- 
ard (see  Jenkins,  1932;  Lewis  et  ah,  1937;  Sher- 
man, 1952).  However,  Watson  and  Lowrey 
(1951)  pointed  out  that  "the  use  of  different 
standards  by  the  several  authors  only  adds  con- 
fusion to  an  already  confused  pictiire."  Some 
authors  (Jenkins,  1932;  Du  Bois,  1936;  Talbot, 
1938)  advocate  that  before  a  clinical  laboratory 
accepts  a  given  set  of  standard  values,  each  labora- 
tory should  determine  the  basal  heat  production 
of  a  representative  sample  from  its  own  locality 
and  adjust  the  standarcls  as  the  results  indicate. 

Contributing  to  the  confusion  is  the  practice  of 
reporting  results  from  basal  metabolic  studies 
only  in  terms  of  pei'centage  deviations  between 
the  obserA-ed  heat  production  and  that  predicted 
from  some  chosen  standard.  This  practice  not 
only  gives  the  illusion  that  the  standards  are  ab- 
solute rather  than  relative  {see  Jenkins,  1931), 
but  makes  impossible  a  comparison  between  the 
results  of  different  investigators,  unless  the  pro- 
cedures and  standards  employed  are  the  same. 
Furthermore,  as  Talbot,  Wilson,  and  Worcester 
(1935)  emphasized,  the  contribution  to  scientific 
data  is  worthless,  unless  the  basic  data  are  re- 


ported along  with  pertinent  information  as  to 
the  methods  used  and  the  procedures  followed  in 
the  investigation    {see  also  Leitch,  1959). 

In  estimating  energy  requirements  there  is  no 
substitute  for  the  measurement  of  heat  produc- 
tion. In  clinical  practice,  however,  the  measure- 
ments of  protein-bound  iodine  concentration, 
radioactive  iodine  uptake  and  excretion,  and 
serum  cholesterol  are  used  for  determining  thy- 
roid activity,  ^^^lile  some  reports  (Eoswit  et  al., 
1952;  Werner  et  al..  1950)  advocate  these  newer 
techniques,  others  (Keating  et  al..  1950;  Keating, 
1957)  consider  that  they  will  be  useful  only  as 
supplements  to  the  long-established  method  of 
determining  metabolism  by  indirect  calorimetry. 

In  certain  diseases  these  newer  methods  of 
measuring  thyroid  activity  cannot  be  used  (Jack- 
son, 1957b).  Furthermore,  tracer  doses  of  radio- 
active iodine  may  be  harmful  to  children  (Hub- 
ble, 1956).  The  advantages  and  limitations  of 
each  of  these  measurements  have  been  discussed 
by  many  investigators  {see  Wilkins  et  al.,  1941; 
Skanse,  1949;  Jaffe  and  Ottoman,  1950;  Freed- 
berg  et  ah.  1952;  Silver  et  ah.  1955;  Heald  et  ah. 
1956;  Keating,  1957). 

The  usual  procedi;re  employed  in  comparing 
the  accuracy  of  basal  metabolic  determinations 
Avith  that  of  other  techniques  for  determining 
thyroid  activity  has  been  to  calculate  the  per- 
centage deviation  from  some  selected  standard. 
However,  the  degree  of  accuracy  could  well  de- 
pend upon  the  standard  used,  and  the  choice  of 
a  reliable  standard  is  a  problem  by  itself.  Con- 
sequently, the  basal  metabolic  standards  em- 
ployed in  comparing  these  newer  measurements 
have  been  many.  For  example,  Skanse  (1949) 
reported  his  results  on  the  basis  of  the  Aub  and 
Du  Bois  Standards  first  established  in  1917; 
Peeler  et  ah  (1950)  used  the  1929  Boothby-Sandi- 
ford  modification  of  the  Du  Bois  Standards;  and 
Eoth  and  Buckingham  (1939)  used  the  1919 
Harris-Benedict  Normal  Standards. 

Eecentl}^  the  1952  Eobertson  and  Eeid  Stand- 
ards were  used  by  Fraser  (1956).  Some  investi- 
gators (Crooks  et  ah.  1958)  iised  several  stand- 
ards for  comparison  and  others  failed  to  report 
the  standards  used.  Therefore,  it  is  not  surpris- 
ing that  conflicting  results  have  arisen  as  to  the 
accuracy  of  these  newer  tests  in  comparison  with 
the  basal  metabolic  test.  There  also  appears  to 
be  some  disagreement  as  to  the  normal  range  of 
these  newer  measurements. 

In  this  study  we  have  compiled,  analyzed,  and 
integrated  all  available  data  on  basal  metabolism 
of  children.  The  original  data  were  obtained 
from  as  many  investigators  as  possible  to  deter- 
mine whether  differences  in  results  obtained  by 
the  A^arious  investigators  could  be  attributed  to 
diffei-ences  in  techniques  and  procedures  folloAved, 
to  differences  in  geographical  locations,  or  to  dif- 
ferences in  physical  characteristics  of  children 
from  the  A^arious  population  samples. 


II. — Recent  Basal  Metabolic  Standards  for  Children 


In  figure  1  are  shown  the  more  recent  basal  meta- 
bolic standards  for  children  for  Calories  per  unit 
of  body  surface  referred  to  age  and  for  Calories 
referred  to  weight.  The  data  collected  for  this 
summary  (see  table  1)  have  been  confined  to  the 
United  States;  however,  for  comparative  pur- 
poses, the  recent  British  and  Danish  Standards 
also  have  been  included. 

Although  the  relationship  between  basal  me- 
tabolism and  age  or  weight  is  not  a  semilogarith- 
mic  (or  exponential  type)  function,  use  of 
semilogarithmic  paper  (arithmetic  horizontal 
scale  and  a  logarithmic  vertical  scale)  provided 
a  means  for  comparing  the  variations  between 
standards  on  a  percentage  basis  (figure  1).  Its 
use  also  prevented  a  possible  distortion  due  to 
the  wide  difference  in  range  of  the  vertical  scales 
between  the  two  reference  bases  shown — the  aver- 
age values  for  the  boys  range  from  about  15  to 
80  Calories  per  hour  in  contrast  with  a  range 
from  about  35  to  60  Calories  per  square  meter  of 
body  surface. 

As  equal  vertical  distances  represent  equal  per- 
centage changes  anywhere  on  the  chart,  these 
charts  indicate  that  the  three  standards  with 
weight  as  the  reference  base  are  in  closer  agree- 
ment than  the  standards  in  which  surface  area 
for  a  given  age  is  the  reference  base.  The  ^Nlayo 
Foundation  Standards  (]Minnesota)  are  from  8 
to  16  percent  higher  than  the  Colorado  Stand- 
ards on  the  basis  of  Calories  per  square  meter  of 
body  surface  for  all  ages;  whereas  on  the  basis 
of  weight  the  Danish  Standards  are  about  5  per- 
cent higher  than  the  Colorado  Standards,  except 
for  girls  weighing  more  than  40  kilograms. 

Another  feature  brought  out  by  figure  1  is  that 
the  parallelism  between  the  curves  is  closer  in 
the  standai-ds  using  weight  as  the  reference  base, 
especia:lly  between  the  Massachusetts  and  Danish 
Standards.  The  flattening  of  the  curve  (Calo- 
ries in  relation  to  weight)  after  45  kilograms  for 
the  Colorado  Standard  includes  girls  up  to  25 
years  of  age,  but  the  Massachusetts  and  Danish 
(Vogelius')  Standards  include  data  only  to  about 
15  years. 

Some  of  the  differences  among  the  standards 
shown  may  be  attributed  to  the  purpose  for  which 
the  standards  were  intended;  that  is,  for  clinical 
or  physiological  use  (Du  Bois,  1936;  Eoth  and 
Buckingham,  1939).  The  Mayo  Foundation 
Standards  are  "clinical,"  in  that  they  were  based 


upon  data  obtained  from  the  first  test  (unless  un- 
satisfactory) on  inexperienced  (untrained)  sub- 
jects. The  other  standards  are  "physiological-'; 
that  is,  they  were  based  upon  measurements  on 
experienced  subjects  or  upon  the  lowest  values 
from  a  series  of  repeated  tests.  There  is  no  uni- 
formity among  investigators  as  to  what  value 
should  be  used  for  reporting  the  results  from 
basal  metabolic  studies  (see  table  1). 

If  experience  or  familiarity  with  the  apparatus 
and  procedure  were  to  explain  the  difference  be- 
tween the  clinical  (Mayo  Foundation  Standards) 
and  physiological  standards,  then  the  curves  for 
the  various  standards  should  parallel  each  other 
for  all  ages  (assuming  that  the  effect  of  previous 
experience  Avould  be  the  same  for  all  ages).  At 
first  glance  there  appears  to  be  no  parallelism  be- 
tween the  curves  shown  in  the  upper  sections  of 
figure  1,  but  if  the  Mayo  Foundation  and  Colo- 
rado Standards  for  Calories  per  unit  of  body 
surface  in  relation  to  age  are  compared,  a  near 
parallelism  is  evident.  The  ^layo  Foundation 
Standards,  based  upon  single  tests  on  inexperi- 
enced subjects,  are  from  8  to  16  percent  higher 
than  the  Colorado  Standards,  based  upon  meas- 
urements on  experienced  subjects.  A  smaller  dif- 
ference betAveen  the  two  standards  is  found  at 
the  younger  ages. 

In  comparing  the  physiological  standards  the 
British  Standards  are  from  3  to  12  percent  higher 
than  the  Colorado  Standards,  with  a  greater 
difference  occurring  at  the  younger  ages.  The- 
oretically, the  British  Standards  should  be  the 
lower,  as  they  are  based  on  the  lowest  values  ob- 
served from  repeated  tests  on  successive  days, 
whereas  the  Colorado  Standards  are  based  upon 
"satisfactory"  measurements  on  experienced  sub- 
jects. 

A  possible  explanation  for  the  difference  be- 
tween the  British  and  Colorado  Standards  might 
be  in  the  respective  apparatus  used.;  that  is,  the 
closed-circuit  type  giving  higher  values  than  the 
open-circuit  chamber.  Thus,  if  the  type  of  ap- 
paratus influenced  the  results,  each  age  group 
should  be  affected  equally  (at  least  on  experi- 
enced subjects),  resulting  in  a  parallelism  be- 
tween the  standards.  This  is  not  true  either  when 
the  British  are  compared  with  the  Colorado,  the 
Danish  with  the  Colorado,  or  the  British  with 
the   California  Standards. 

The    more    I'ecent    basal    metabolic    standards 
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showed   (figure  1  "witli  details  given  in  table  1)  had  had  previous  experience  or  training  in  hav- 

that  there  were  not  only  differences  among  in-  ing  a  basal  metabolic  measurement  taken;   and 

vestigators   as   to   the   reference   base   employed  (3)   the  selection  of  a  value  for  reporting  basal 

(which  will  be  discussed  in  the  following  sec-  metabolic  measurements  when  more  than  one  test 

tion),  but  also  in  the  folloAving:  (1)  The  type  of  is  made.    These  differences  in  procedure  of  meas- 

apparatus  used;  (2)  whether  or  not  the  children  urement  will  be  discussed  in  section  VIII,  part  A. 


III. — Reference  Bases  Used  for  Expressing  Heat  Prodnclion 


Many  reports  as  to  the  i-elative  merits  of  both 
body  surface  and  weight  as  a  reference  base  for 
basal  metabolism  (as  well  as  for  other  physiologi- 
cal functions)  have  appeared  in  the  literature 
since  Harris  and  Benedict  (1919)  took  exception 
to  the  Aub  and  Du  Bois  Standards  (1917)  that 
used  surface  area  as  a  reference  base.  Harris 
and  Benedict  based  their  prediction  standards 
upon  multiple  regression  equations  using  weight, 
height,  and  age. 

The  controversy  regarding  body  surface  as  a 
reference  base  applied  to  different  physiological 
activities  is  as  unsettled  today  as  it  was  40  years 
ago.  For  example,  see  Snively's  (1957)  report 
recommending  body  surface  for  estimating  fluid 
dosage  as  contrasted  Avith  the  report  from  Oliver, 
Graham,  and  Wilson  (1958)  refuting  body  sur- 
face as  a  reference  base  for  fluid  requirements 
or  for  any  other  physiological  activity.  It  is  not 
within  the  scope  of  this  paper  to  discuss  these 
arguments  in  detail.  For  a  historical  review  of 
the  formulation  of  the  "surface  law,"  see  Du  Bois 
(1936),  Brody  (1945,  pp.  35^365),  and  Kleiber 
(1947). 

By  tradition,  the  standards  presented  in  terms 
of  Calories  per  unit  of  body  surface  for  a  given 
age  (Aub  and  Du  Bois,  1917;  Boothby  et  al.. 
1936;  Lewis,  Duval,  andlliff,  1943;  Shock,  1942) 
have  been  accepted  as  l:)eing  the  most  reliable  ones 
for  estimating  the  heat  ]:)roduction  in  humans  in 
this  country  (Best  and  Taylor,  1956;  Peters  and 
Van  Slyke,  1946;  Keys  et  al..  1950;  Sherman 
1952).  Body  surface  has  been  considered  supe- 
rior to  either  weiglit  or  height  as  a  reference  base, 
as  it  includes  botli  weight  and  height,  thus  cor- 
recting for  diilerences  in  bodv  build. 

The  standards  of  Benedict  "and  Talbot  (1921) 
and  Talbot  (1938)  referred  to  weight  liave  also 
gained  wide  acceptance  (Hawk  et  al.,  1954;  Dav- 
enport et  al.,  1939).  These  workers,  and  also 
Bierring  (1931)  and  Vogelius  (1945)  in  Den- 
mark, considered  that  heat  production  was  ac- 
curately predicted  from  weight  and  that  there 
was  no  advantage  in  using  surface  area.  Vogelius 
(1945)  reported  that  "the  surface  area  calcidated 
on  the  basis  of  weight  and  height  is  encumbered 
with  an  uncertainty  of  ±3  percent."' 

Recently,  Durnin  (1959)  in  Britain  found  from 
studies  on  energy  expenditure  of  adults  that  body 
surface  was  no  more  useful  than  Aveight  as  a 
standard  of  reference.  The  1957  report  on  ca- 
loric requirements  by  the  Food  and  Agriculture 


Organization  of  the  United  Nations  stated  that 
"basal  metabolism  can  be  estimated  from  body 
weight  alone  with  an  accuracy  approaching  that 
achieved  from  estimates  of  the  surface  area"; 
however,  the  recommended  caloric  requirements 
for  children  Avere  given  in  reference  to  age,  and 
it  was  recommended  that  no  adjustment  for  body 
size  be  made  in  the  requirements  of  children  up 
to  the  age  of  16  years. 

It  is  generally  considered  that  as  long  as  the 
physical  development  of  the  observed  subject  is 
within  the  normal  range  of  variability,  it  makes 
little  difference  which  reference  base  is  used 
(Wolman,  1946;  Talbot,  1933,  1938;  Lewis  et  al. 
1937,  1943).  The  difficulty  in  choice  of  a  ref- 
erence base  occurs  for  the  child  whose  weight 
and  height  for  age  deviate  from  that  of  the 
average  child.  For  these  children,  Iliff  et  al. 
(1951)  found  that  the  standards  based  on  Calo- 
ries referred  to  either  weight  or  to  body  surface 
were  the  most  reliable,  and  the  standards  relating 
Calorie  per  unit  of  body  siirface  for  a  given  age 
were  "also  dependable  except  Avith  A'ery  small 
children  or  dwarfs."  Talbot  (1938)  concluded 
from  his  observations  that  "feAver  mistakes  re- 
sult when  the  standard  of  total  Calories  for  the 
Aveight  supplemented  by  that  of  total  Calories 
for  the  height  (in  other  words,  the  total  Calories 
for  the  'expected  Aveight')  Avas  used"  for  obese 
and  undernourished  children.  HoAvever,  Vogelius 
(1945)  stated  that  for  children  outside  the  nor- 
mal range  "it  is  absurd  to  try  to  estimate  the 
metabolism  on  the  basis  of  the  standard  applying 
to  normally-built  children." 

Although  the  difference  of  opinion  appears  to 
be  centered  around  Avhether  body  surface  or 
Aveight  is  the  more  reliable  reference  base  to  use 
for  basal  metabolism,  the  real  problem  is  be- 
tween age  and  weight.  Wolman  (1946)  stated 
that  age  is  the  least  satisfactory  as  a  basis  of 
reference.  Hawk  et  al.  (1954)  pointed  out  that 
A^ariations  in  the  rate  of  growth  and  development 
in  childhood  cause  abnormal  results  with  the  use 
of  the  age  standards,  whereas  Vogelius  (1945) 
pointed  out  that  the  method  of  expressin<j  me- 
tabolism per  unit  of  weight  or  per  unit  of  body 
surface  in  relation  to  age  "is  wrong  in  principle 
and  that  in  practice  has  led  to  misleading  results" 
{see  also  Tanner,  1949). 

That  l)asal  heat-production  values  expressed 
botli  in  terms  of  Calories  per  unit  of  body  sur- 
face and  Calories  per  unit  of  Aveight  in  relation 


to  age  show  great  irregularity  and  wide  disper- 
sion of  individual  points  was  shown  by  Benedict 
and  Talbot  (1921).  They  found  no  indication 
that  age  per  se  had  any  specific  influence  on  the 
metabolism  of  children — age,  weight,  and  body 
surface  changes  are  all  closely  interwoven.  How- 
ever, Quenouille  et  al.  (1951)  concluded  from  a 
statistical  analysis  of  basal  metabolic  data  (for 
17  to  39  year-old  men  and  women  but  applied  to 
younger  and  older  ages)  that  "when  all  other 
variables  have  been  taken  into  account,  the 
massed  data  for  adults  of  both  sexes  and  all  ra- 
cial groups  analyzed,  and  for  the  U.S.-N.  Euro- 
pean children,  conform  to  the  rule  that  basal  me- 
tabolism declines  at  the  rate  of  3  percent  per 
decade  from  age  3  to  ages  over  80."  Although  the 
1957  report  of  the  Food  and  Agricultural  Or- 
ganization of  the  United  Nations  stated  that  the 
basal  metabolic  rate  decreases  regularly  after  the 
early  twenties,  no  mention  was  made  of  a  change 
in  the  basal  metabolic  rate  for  younger  ages. 

A  logarithmic  grid  from  which  basal  metabo- 
lism could  be  predicted  along  with  body  build 
(physique),  developmental  level,  nutritional  level, 
and  caloric  needs  was  developed  by  "Wetzel  (19il, 
191:1:),  mainly  for  use  with  longitudinal  types  of 
growth  data.  Bruch  (1942)  reported  tliat  this 
grid  gave  unreliable  predictions.  Eichorn  (1955) 
applied  the  Wetzel  grid  to  a  group  of  adolescent 
children  and  found  that  basal  metabolic  esti- 
mates from  the  grid  were  consistently  below  the 
measured  values  for  the  boys  and  also  for  the 
girls  under  li  ^-ears  of  age;  thereafter,  the  grid 
values  were  higher  than  the  observed  basal  nieta- 
bolic  values  for  the  girls. 

From  97  observations  on  62  children  6  to  1-4 
years  of  age,  Talbot  et  al.  (1939)  computed  equa- 
tions relating  caloric  output  to  creatinine  excre- 
tion and  found  these  to  be  as  highly  correlated 
as  the  correlation  between  caloric  output  and 
weight.  Since  creatinine  excretion  is  a  measure 
of  active  muscle  mass,  they  considered  that  a 
standard  based  upon  creatinine  output  would  be 
more  accurate  (although  impractical  for  routine 
use  because  a  2J:-hour  urine  collection  is  required) 
for  predicting  heat  production  of  children  of  ab- 
normal body  build. 

Although  some  investigators  (for  example, 
Adams  and  Poulton,  1937)  consider  that  height 
is  the  best  reference  liase  for  estimating  heat  pro- 
duction in  young  children,  it  has  not  been  used  as 
extensively  as  weight  or  body  surface.  The  tables 
prepared  by  Talbot  (1933)"  and  those  by  Lewis 
etal.  (1937,  1943)  were  the  only  standards  found 
usnig  height  as  reference  base.  The  Colorado 
workers  found  that  height  was  not  so  reliable  a 
reference  base  as  weight  or  bodv  surface  but 
"because  of  its  Avide  use  in  the  literature,"  they 
used  height  as  a  reference  base  in  addition  to 
weight,  surface  area,  and  age. 


"\^^Tiile  the  main  argument  in  choice  of  a  ref- 
erence base  for  heat  production  has  been  centered 
around  body  surface,  weight,  age,  and  to  a  lesser 
extent,  height,  other  methods  of  reference  have 
been  suggested.  One  of  these  Avas  the  width- 
height  index  (Avidest  diameter  of  the  crest  of  the 
pehds  di Added  b}^  the  height  in  percent)  sug- 
gested by  Lucas  and  coworkers  (1931,  1932, 1933). 
On  a  selected  group  they  found  a  higher  basal 
metabolic  rate  in  slender-built  children  (low 
Avidth-length  index)  than  in  broad-built  children 
(high  index).  Nevertheless,  Molitch  (1935) 
found  no  eA'idence  of  a  correlation  between  oxy- 
gen consumption  and  the  Avidth-length  index  for 
199  boys. 

Considerable  literature  has  appeared  on  the 
relation  of  body  composition,  or  lean  body  mass, 
to  metabolism.  The  use  of  "actiA^e  protoplasmic 
mass"  as  a  reference  base  originated  in  1901  {see 
Brody,  1945,  p.  363),  and  has  been  generally  ac- 
cepted as  a  logical  reference  base  for  metabolism 
(Talbot,  1933).  The  difficuky  has  been  to  find 
a  method  to  measure  or  estimate  the  amount  of 
metabolically  active  tissue  (muscle  and  internal 
organs)  or  the  amount  of  inactiA'e  tissue  (fat, 
bone,  and  body  fluids)  in  the  body.  Eecently,  the 
percentage  of  fat  in  the  body  has  been  estimated 
from  measurements  of  body  specific  gravity,  total 
body  water,  urinary  creatinine  excretion,  soft- 
tissue  radiographs,  and  skin-fold  thickness  CBro- 
zek  and  Keys,  1951;  Gam  et  al.^  1953;  Miller, 
1954).  The  calcidated  lean  body  mass  (body 
Aveight  minus  fat)  has  been  found  to  be  highly 
correlated  with  heat  production  (Miller  and 
Blythe,  1952,  1953;  Gopalan  et  al..  1955). 

Most  of  these  data  on  body  composition  in  rela- 
tion to  heat  production  were  obtained  from  iuA^es- 
tigations  on  adult  men.  The  only  known  one  on 
children  was  by  Garn  et  al.  (1953).  They  used 
radiographic  measurements  to  determine  muscle 
size  in  children  6  to  18  years  of  age.  From 
several  tissue  measurements  they  reported  that 
the  measurement  of  leg  musculature  proA'ided  a 
"good  indication  of  the  metabolically  actiA^e 
mass,"  and  was  highly  correlated  Avith  oxygen 
consumption.  HoweA'er,  the  correlation  coeffi- 
cients Avere  of  approximately  the  same  magnitude 
(0.82  for  boys  and  0.73  for  girls)  as  Avere  those 
with  weight  and  oxygen  consumption  (0.84  for 
boys  and  0.68  for  girls)  and  body  surface  and 
oxygen  consumption  (0.83  for  boys  and  0.65  for 
girls). 

Although  these  recent  methods  of  indicating 
body  composition  maj^  proA^e  to  be  better  refer- 
ence bases  for  predicting  basal  heat  production, 
they  are  impractical  for  extensiA'e  use  and,  OAving 
to  the  paucity  of  these  data  on  children,  they  Avill 
not  be  considered  in  this  study. 


IV. — Sources  of  Data  and  Characterization  of  Children 


All  known  available  data  published  and  un- 
published on  the  basal  metabolism  of  individual 
healthy,  Avliite  children  in  the  United  States  have 
been  brought  together  for  this  report.  Analysis 
of  the  data  was  made  for  girls  from  2  to  16  years 
of  age  and  for  boys  2  to  18  years.  If  data  for 
older  ages  were  included  with  a  block  of  data 
for  younger  children,  they  have  been  included  for 
comparative  purposes  only,  and  no  attempt  has 
been  made  to  collect  data  for  these  older  ages. 
Unpublished  data  have  been  denoted  by  "n.p." 
(not  published)  in  place  of  the  date  of  publica- 
tion in  Literature  References,  page  79. 

In  table  2  are  given  the  investigators  furnish- 
ing data  for  this  integration  (in  the  order  of 
States  as  used  by  the  Bureau  of  Census),  with  a 
brief  description  of  the  procedures  used  and  other 
information  pertinent  to  a  comparative  analysis. 
Reports  in  which  only  a  few  children  were  in- 
vestigated and  data  obtained  before  1920  have 
not  been  included.  It  was  impossible  to  include 
the  results  of  some  investigations  because  the  in- 
dividual data  were  not  available  or  because  the 
data  reported  were  not  complete.  The  investiga- 
tors not  included  are  given  in  table  3.  The  num- 
ber of  basal  metabolic  measurements  for  each  6- 
month-age  interval  obtained  from  each  investi- 
gator is  shown  in  table  4. 

In  an  attempt  to  avoid  confusion  in  terminol- 
ogy, "measurement"  is  used  herein  to  denote  the 
reported  basal  metabolism  of  a  given  subject  at  a 
given  age;  "test"  is  used  to  denote  a  single  deter- 
mination of  the  rate  of  oxygen  consumption 
(usually  for  a  6-  or  8-minute  period)  with  the 
closed-circuit  method,  or,  the  analysis  of  expired 
air  during  one  test  period  with  the  open-circuit 
method.  Thus,  a  basal  metabolic  "measurement" 
may  be  one  test  selected  from  a  group  of  tests  or 
an  average  of  several  tests,  depending  upon  the 
procedure  followed  by  the  investigator. 

As  shown  in  table  2,  there  Avas  a  lack  of  uni- 
formity among  investigators  as  to  what  test  or 
average  of  tests  were  used  to  represent  a  basal 
metabolic  measurement  and  whether  or  not  the 
subject  had  preliminary  "training"  or  experience 
before  the  test.  The  type  of  apparatus  used  in 
making  the  measurements  also  diffei-ed  among 
the  investigators.  These  factors  are  to  some  ex- 
tent interrelated;  that  is,  the  type  of  apparatus 
used  may  determine  the  degree  of  preliminary 
training  necessary,  and  the  basal  metabolism  ob- 
tained on  children  having  repeated  measurements 


at  periodic  intervals  (longitudinal  type  data) 
may  differ  from  that  on  children  having  only  one 
basal  metabolic  measurement  (cross-sectional 
type  data).  In  addition,  the  age  range  and, 
therefore,  the  weight  range,  of  the  children  meas- 
ured differed  from  location  to  location  {see  table 
3).  These  variations  in  procedure  make  com- 
parison difficult. 

The  data  used  herein  are  those  reported  by  the 
investigators  {see  column  5  of  table  2).  No  at- 
tempt was  made  to  select  the  data.  However,  a 
few-  extreme  values  (total  of  53  measurements) 
were  omitted.^ 

Longitudinal  data  w^ere  treated  as  cross-sec- 
tional data,  except  in  sections  V  and  VIII ;  thus, 
each  child  was  considered  another  subject  with 
each  measurement  repeated  at  an  older  age.  The 
interval  between  measurements  differed  among 
the  investigators  {see  column  5,  table  2)  as  fol- 
lows: Lamb  (n.p.)  in  Texas  made  measurements 
at  2-month  intervals;  Lewis  et  al.  (1937)  in  Colo- 
rado repeated ■  tests  at  3-  or  4-month  intervals; 
Eichorn  (n.p)  in  California  at  4-  or  6-month 
intervals;  and  Davenport  et  al.  (1939)  in  New- 
York  City,  at  yearly  intervals. 

The  measurements  as  reported  by  the  investi- 
gators were  used  and  no  measurements  on  the 
same  subject  w^ere  combined,  except  those  from 
Hoobler  (n.p.)  in  Michigan.  Her  tests  often 
were  made  several  times  each  month  for  as  long 
as  3  years  on  some  children  and,  in  order  that 
they  might  be  comparable  with  other  subjects 
not  tested  at  such  frequent  intervals,  the  data 
were  averaged  by  calendar  months  and  then  by 
season  {see  footnote  3  in  table  2) . 

It  was  obvious  that  there  were  marked  dif- 
ferences in  tlie  average  heights  and  weights  of 
cliildren  for  a  given  age  reported  by  the  various 

^  Omitted  values  incUidetl  the  following :  Unreasonably 
hish  values  foi"  1  Arizona  girl  (Thompson,  n.p.)  and  2 
Chicago  boys  (Morse,  n.p.)  having  only  1  test  each:  the 
first  measurements  on  .j  girls  and  10  boys  reported  by 
Webster  ct  al.  (1941),  which  were  high  when  compared 
with  measurements  made  4  or  6  months  later ;  10  meas- 
urements on  1  California  boy  (Eichorn.  n.p.),  since  it 
was  recorded  that  he  was  very  restless  and  that  on 
several  days  before  the  test  he  had  arisen  early  (between 
4  and  4  :.30  a.m. )  for  a  paper  route  and  usually  ate 
something  at  that  time ;  all  11  measurements  on  a 
California  girl  (Eichorn,  n.p.),  because  they  were  un- 
reasonably low  in  relation  to  age,  weight,  and  surface 
area  ;  and  14  measurements  from  other  California  sub- 
jects, as  they  were  out-of-line  when  compared  with 
measurements  obtained  at  other  ages. 
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Table  4. — Number  of  basal  metabolic  measurements  on 


Location 

Investigator  (s)  • 

m 

^ 

g 
>. 

M 

a 
>> 

CO 

J2 

03 

a 

>> 

u 

a 
o 

CO 

OS 
>, 

CD 

en 

Tavlor  Cn.n.'l 

Boys 

Northeast  Region: 
New  York  City 

1 

5 

4 

1 

1 

0 

1 

6 

1 

0 

1 

4 

Do          -            -            -    ToDDer'and    Mulier    f  1929a.   1 

New  York 

1929b,  1932). 
Davenport  ei  al.  (1939) 

Do 

Webster  e^  aL  (1941) 

New  York  City 

North  Central  Region: 
Ohio 

Bruch  (1939a,  1939b,  1942)... 

2 

1 

2 

2 

Orner  (1935)... 

Illinois  &  Ohio 

Wang     (1934,     1939);    Wang 

et  al.  (1926,  1936). 
Morse  (n.p.) 

2 

0 

3 

0 

2 
0 

1 

0 
50 

2 

0 

1 
3 

2 

49 

Illinois - 

Michigan 

Maroney  and  Johnston  (1937) . 
Hoobler  (n.p.) 

2 

1 

5 
54 

2 

2 

4 
54 

Do 

1 
5 

41 

2 

7 

49 

Southern  Region: 
Texas     . 

Lamb  (n.p.) 

2 
41 

9 
42 

12 
46 

Western  Region: 

Colorado    .            _      _        - 

Lewis    et    al.    (1937);    Duval 

(1942). 
Thompson  (n.p.) 

13 

34 

Arizona 

Washington 

Esselbaugh  (n.p.) 

California 

Eichorn  (n.p.) 

Total,  all  locations 

13 

34 

44 

56 

62 

48 

61 

64 

73 

56 

64 

Girls 

Northeast  Region: 
Massachusetts 

Talbot  et  al.  (1937) 

New  York  City 

Tavlor  (n.p.) 

3 

6 

4 

1 

1 

1 

0 
0 

2 
5 

1 
0 

0 

1 

Do 

Topper    and    Mulier    (1929a, 

1929b,  1932). 
Davenport  et  al.  (1939) 

New  York 

Do 

Webster  et  al.  (1941) 

New  York  City 

Bruch  (1939a,  1939b,  1942) 

1 

1 

0 

1 

2 

3 

North  Central  Region: 
Ohio_    -_     _    . 

McKay  (1930) 

Illinois  and  Ohio    . 

Wang     (1934,     1939);    Wang 

et  al.  (1926,  1936). 
Morse  (n.p.) 

4 

0 

2 

0 

5 

1 
0 
4 

0 

2 
0 

4 

2 

1 
0 
1 

Illinois 

Michigan                      _    _ 

Maroney  and  Johnston  (1937). 
Hoobler  (n.p.) 

1 

4 

Do 

Kansas 

Harrison  (n.p.) 

Southern  Region: 

Texas 

Lamb  (n.p.)             .        . 

3 

36 

2 
36 

7 
35 

9 

44 

7 
35 

4 
42 

2 
44 

1 
39 

1 
42 

2 
33 

Western  Region: 
Colorado 

Lewis    et    al.   (1937);    Duval 

(1942). 
Thompson  (n  p  ) 

24 

Arizona 

Washington 

Esselbaugh  (n.p.) 

California 

Eichorn  (n.p.) 

1 

0 

1 

Total,  all  locations 

?4 

39 

41 

48 

61 

44 

51 

51 

59 

52 

44 

'  For  Literature  References,  see  section  XI. 
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children,  2  to  18  years  oj  age,  from  each  in.vestigator 


15 


BOYS 


Figure  2. — Distribution  of  boys  and  girls  into  five  height-weigh t-age  divisions  (sizes)  for  each  of  six  locations. 

Data  for  New  York  City,  from  Taylor  (n.p.)  :  for  New  York,  from  Davenport,  Renfroe,  and  Hallock  (1939)  and 
Webster.  Harrington,  and  Wright  (1941)  :  for  Illinois,  from  Morse  (n.p.)  :  for  Michigan,  from  Hoobler  (n.p.)  ;  for 
Colorado,  from  Lewis,  Kinsman,  and  Iliff  (1937)  and  Duval  (194:2)  ;  for  Arizona,  from  Thompson  (n.p.)  ;  for  California, 
from  Eichorn  ( n.p. ) . 


investigators 


To  illustrate,  three  investigators 
v^-ithin  the  same  locality  (New  York)  reported 
the  average  height  of  girls  10  to  16  years  of  age 
to  be  as  follows: 


Age,  years 
10 

11 

12 _ 

13 

14 

15 

16 

16 


Davenport 

Webster 

et  al.  (1939) 

et  al.  (1941) 

Taylor  (n.p.) 

Cm. 

Cm. 

Cm. 

130.  1 

133.  5 

138.2 

135.2 

142.  6 

142.  7 

140.  3 

147.  8 

150.9 

146.  1 

152.  3 

156.  2 

150.  8 

155.  9 

159.  4 

153.  2 

156.  4 

164.  1 

155.  0 

159.2 

169.  8 

The  foregoing;  values  show  that  the  girls  meas- 
ureci  by  Davenport  ef  al.  (1939)  were  shorter 
and  those  measured  hj  Taylor  (n.p.)  were  taller 
than  the  girls  measured  by  Webster  et  al.  (19-41). 
The  differences  in  physical  size  among  the  boys 
from  these  three  locations  were  similar  to  those 
found  for  the  girls. 

Thus,  in  order  to  ha^-e  groups  of  children  more 
homogeneous  in  size  for  comparison  of  the  heat- 
production  data  reported  from  all  investigators, 
the  data  for  children  5  to  18  years  were  separated 
into  five  height- weight-age  divisions:  "average" 
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height  and  weight  for  age,  "large"  or  "small"  for 
age  (but  well-proportioned),  "overweight"  and 
"imderweiglit"  (weiglit  out-of -proportion  to 
height).  These  divisions  were  based  on  the 
Stuart-Meredith  (1946)  height- weight  standards; 
further  details  are  given  in  appendix  A. 

A  comparison  of  the  distribution  of  the  chil- 
dren into  these  height-weight-age  divisions  from 
the  various  sources  (figure  2)  illustrates  further 
what  was  shown  for  children  from  New  York — 
that  there  are  marked  differences  in  height  and 


weight  of  children  studied  by  the  various  inves- 
tigators. For  example,  as  shown  in  figure  2 
(right  chart)  nearly  as  many  of  the  Colorado 
girls  (Lewis  et  al..  1937;  Duval,  1942)  Avere  in 
the  large  as  in  tlie  average  division  and  more 
children  were  underweight  than  overweight.  In 
contrast,  more  than  half  of  the  children  measured 
by  Davenport  et  al.  (1939)  were  in  the  small  for 
age  division.  A  comparison  of  data  for  boys  and 
girls  indicates  also  that  there  were  more  meas- 
urements on  overweight  girls  than  there  were  on 
overweight  boys. 
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These  differences  in  the  distribution  of  the  chil- 
dren may  be  attributed,  in  part,  to  the  back- 
o-round  of  the  children  measured  {see  last  column 
of  table  2).  Analysis  of  supplemental  data  from 
three  sources  giving  data  on  their  economic  back- 
ground indicated  that  the  percentages  of  children 
in  the  small  and  in  the  overweight  divisions  Avere 
higlier  from  groups  reflecting  a  low  than  a  higher 
economic  level.  The  details  of  the  analysis  of 
these  data  according  to  economic  background  are 
presented  in  appendix  A. 


A  preliminary  analysis  of  the  basal  heat-pro- 
duction data  was  made  for  the  height-weight-age 
divisions  according  to  the  tradition  initiated  by 
Aub  and  Du  Bois  (1917) — that  is,  in  terms  of 
Calories  per  unit  of  body  surface  for  a  given 
age.  Since  heat  production  per  unit  of  body 
surface  was  higher  for  small  children  and  lower 
for  large  children  than  for  children  of  average 
lieight  and  weight  for  age,  it  was  concluded  that 
surface  area  i-elated  to  age  does  not  correct  for 
differences  in  body  size  of  children.  The  details 
of  this  analysis  also  are  presented  in  appendix  A. 
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V. — Analysis    of   Age    Curves    From    Longitudmal   Data   for 
Deterinining  Inflections  in  Heat  Production 


Age  is  not  considered  a  relialile  reference  base 
to  use  for  basal  metabolism  because  of  the  varia- 
tions in  growth  rate,  especially  during  the  adoles- 
cent period,  and  also  because  of  the  wide  range  in 
the  age  at  which  physiological  maturity  is 
reached.  Nevertheless,  the  changes  associated 
with  age  are  important  and  cannot  be  ignored; 
thus,  the  measurements  obtained  at  repeated  in- 
tervals of  several  months  on  the  same  individual 
throughout  the  growth  period  are  A^ahuxljle  for 
studying  the  metabolic  changes  associated  with 


Longitudinal  data  from  several  investigators 
were  available  for  a  period  of  6  to  9  years,  but 
none  represented  for  a  given  group  of  subjects 
the  entire  growth  period,  that  is,  from  2  years  of 
age  to  physiological  maturity.  Within  an  in- 
vestigation, however,  the  entire  age  span  may  be 
represented  by  longitudinal  data,  although  not 
on  the  same  children;  for  example,  the  data  for 
some  children  covered  the  age  span  from  2  years 
to  9  years  (figure  3)  and  data  for  other  children, 
from  7  years  to  16  years  (figure  4). 

When  the  measurements  for  the  same  individ- 
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Figure  3. — Colorado  and  Texas  children  2  to  o  years  old  :  Longitudinal  data  for  tieight,  weiglit,  and  basal  heat 

production  (Cal./hr. ). 

Light  lines  are  drawn  through  the  height  curves  at  the  younger  ages  to  aid  in  detecting  the  change  in  growth 
rate.  Data  for  Colorado  children,  from  Lewis,  Kinsman,  and  IlifiE  (1937)  and  Duval  (1942)  ;  for  Texas  children, 
from  Ijamb  ( n.p. ) . 
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FicrHE  4. — Colorado  children  t  to  le  tears  old:     Longitudinal  data  for  height,  •v^reight.  and  basal  heat  production 

(Cal./hr.). 

Data  from  Lewis.  Kinsman,  and  IlifE  ( 1937)  and  Duval  (1942) .  • 


ual  extended  over  a  period  of  i  or  5  j'ears,  the 
basal  heat-production  curves  were  plotted,  ex- 
amined carefully,  and  compared  -with  the  corre- 
sponding age  curves  for  height  and  weight.  It 
would  be  impossible  to  show  all  the  age  curves 
in  this  publication,  but  a  few  have  been  selected 
which  illustrate  that  the  rate  of  basal  metabolism 
changes  between  4  and  5  years  of  age  and  again 
at  puberty.  These  breaks  correspond  to  the  in- 
flections in  the  age  curve  of  growth. 

Height  in  relation  to  age  was  used  as  a  crite- 
rion to  indicate  the  change  in  growth  rate,  as  it 
is  a  better  measure  of  growth  than  Aveisrht  {see 
Adams  and  Poulton,  1937).  Xylin  (1929)  re- 
ported that  the  increase  in  height  had  more  ef- 
fect on  heat  production  than  gain  in  weight  from 
periodic  observations  made  on  eight  children  5 
to  6  years  of  age.  Davenport  et  at.  (1939)  found 
that  tlie  changes  in  basal  metabolic  rate  "proba- 
bly slightly  precedes  the  spurt  of  growth  in 
stature"  from  yearly  observations  made  before, 
during,  and  after  the  prepubertal  growth  spurt. 


The  age  curves  in  figure  3  illustrate  that  height 
increases  at  about  the  same  rate  from  2  years 
up  to  -1  or  5  years  and  thereafter  increases  at  a 
slower  rate.  At  this  age  there  is  a  corresponding 
change  in  basal  heat  production  and  usually  a 
similar  change  in  weight.  In  the  longitudinal 
data  on  Colorado  children  (Lewis  et  al..  1937: 
Duval,  1912),  the  age  span  for  24  girls  and  26 
boys  was  of  sufficient  length  to  determine  the  age 
at  which  the  change  in  the  rate  of  increase  in 
height  occurred.  If  the  "break"  was  not  clear-cut 
Avith  arithmetic  coordinates,  semilogarithmic  co- 
ordinates were  used  to  detect  this  change.  This 
break  occurred  at  about  4  years  of  age  for  girls 
(average  weight  18  kilograms)  and  4^/4  3'ears  for 
boys  (average  weight  20  kilograms).  On  the 
basis  of  longitudinal  data  on  3  boys  and  3  girls 
reported  by  Lamb  (n.p.),  Texas  cMldren  showed 
breaks  at  these  same  ages. 

After  the  change  in  growth  rate  at  about  4  or 
5  years  of  age,  growth  in  height  increased  at 
about  the  same  rate  for  a  given  individual  up  to 
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about  12  years,  when  a  sudden  spurt  in  growth 
usually  occurred  {see  figure  4).  The  age  at  which 
this  growth  spurt  began  varied  greatly  for  in- 
diAddual  children  and  occurred  earlier  in  girls 
than  in  boys;  in  some  children  the  increase  was 
much  more  pronounced  than  in  others.  Basal 
heat  production  showed  a  corresponding  increase 
during  the  growth  spurt ;  however,  the  rate  of 
increase  paralleled  that  in  weight  (for  example, 
see  subject  Nos.  56,  102,  and  105  in  figure  4,  and 
No.  80  in  figure  5). 

Heat  production  began  to  level  off,  or  even  de- 
clined, at  about  the  time  the  maximum  growth 
rate  in  height  was  reached  ( see  figure  5 ) .  In 
girls  this  coincided  with  the  onset  of  menarche 
(or  puberty).  The  onset  of  menarche  for  the 
girls  shown  in  figure  5  varied  from  12  to  141/2 
years,  but  for  each  girl  it  was  associated  Avith  a 
decline  in  growth  of  height  and  a  corresponding- 
decline,  or  leveling  off,  in  heat  production.  That 
the  onset  of  menarche  is  related  to  the  cessation 
of  the  growth  in  height  has  been  reported  by 
Xylin  (1935),  and  that  basal  metabolism  de- 
creases with  beginning  of  menarche  has  been  re- 
ported by  Shock   (1943). 

In  boys  the  decline  in  the  rate  of  heat  produc- 


tion also  coincided  with  the  change  in  the  rate 
of  growth  in  height  (figure  5)  as  physiological 
maturity  was  approached.  For  this  publication 
the  age  at  which  this  change  occurred  will  be 
designated  as  the  age  of  "puberty"  in  the  boys  to 
correspond  to  the  age  of  onset  of  menarche  in 
the  girls. 

After  puberty  (onset  of  menarche  in  girls)  heat 
production  Avas  usually  more  A'ariable  in  a  given 
child  as  Avell  as  among  children:  In  some  chil- 
dren a  definite  decline  was  noted  (see  Nos.  47, 
65,  figure  5)  ;  in  some  it  was  more  or  less  con- 
stant (see  Nos.  137,  172,  figure  5)  ;  whereas  in 
others  an  increase  Avas  eA'ident  but  the  rate  was 
sloAA-er  than  preA'iously  (see  No.  157,  figure  5). 
The  heat-production  curves  paralleled  the  cor- 
responding Aveight  curves ;  thus,  those  curves  that 
shoAved  a  decline  in  heat  production  also  shoAved 
a  constancy  in  weight  cluring  this  period;  in 
those  that  shoAved  no  change  in  heat  production, 
weight  increased  slightly;  in  those  that  shoAved 
an  increase,  weight  shoAved  a  decided  increase.  If 
Aveight  increased  for  a  period  of  a  year  or  more 
and  then  declined,  as  in  No.  80,  figure  5,  heat 
production  shoAved  a  corresponding  trend. 

That  there  is  an  increase  in  basal  metabolism 
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Figure  5. — California  children  ii  to  is  years  old:     Loagitudiiial  data  for  height,  weight,  and  basal  heat  production 

(Cal./hr.). 

Note  that  heat  production  increases  with  increasing  weight  and  height  during  the  prepubertal  period  but  at  onset 
of  menarche  (indicated  by  "il"  at  arrow),  or  when  maximum  growth  rate  in  height  is  reached,  heat  production  levels 
off  or  declines.    Data  from  Eichorn  ( n.p. ) . 
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associated  vritlx  puberty  has  been  reported  by 
many  investigators.  Aub  and  Du  Bois  (1917) 
indicated  an  increase  in  metabolism  (Calories 
per  square  meter)  for  boys  12  to  15  years  of  age. 
Topper  and  Mulier  (1932)  concluded  from  meas- 
urements made  at  intervals  of  6  months  to  a  year 
on  boys  and  girls  10  to  16  years  old  that  the 
basal  metabolic  rate  was  increased  before  pubertj', 
reached  its  maximmn  about  the  time  the  men- 
arche  was  established  in  girls  and  sexual  maturity 
"in  boys,  and  declined  thereafter.  They  believed 
that  "this  increase  coincides  with  the  physiologic 
age  rather  than  with  the  chronological  age,  and 
occurs  earlier  in  girls  than  in  boys,  coincident 
with  their  earlier  pubescence." 

Eichorn  (1955)  demonstrated  that  the  decline 
in  basal  heat  production  in  girls  at  ages  over  14 
years  was  related  to  physiological  maturity;  by 
plotting  heat  production  against  age  deviation 
from  menarche,  a  curvilinear  relationship  was 
demonstrated  in  which  heat  production  increased 
to  the  menarche  and  decreased  thereafter. 

Although  the  results  from  the  above  investiga- 
tions present  ample  evidence  that  the  basal  heat 
production  decreases  following  onset  of  menarche 
or  sexual  maturity,  no  standards  for  prepubertal 
ohildren  as  contrasted  with  postpubertal  are 
available.  However,  Vogelius  (1945)  divided  his 
basal  metabolic  data  into  two  age  groups,  since 
the  data  for  the  16-  to  18-year  old  girls  were 
found  to  "deviate  significantly  from  those  for 
the  7-  to  15-year  old"  girls.  Consequently,  a 
standard  Avas  constructed  for  the  7-  to  15-year 
old  girls,  but  the  data  were  insufficient  for  con- 
structing a  standard  for  the  older  group  of  girls. 

There  have  been  reports  in  which  an  increase 
in  metabolism  associated  with  puberty  was  not 
evident.  Benedict  and  Talbot  (1921)  concluded 
that  puberty  had  no  efPect  on  basal  heat  produc- 
tion, although  they  reported  that  a  high  heat 
production  at  puberty  compared  with  a  measure- 
ment made  l)efore  puberty  was  found  on  one 
girl;  the  associated  increase  in  body  weight  dur- 
ing this  period  was  offered  as  the  explanation. 
Measurements  made  by  Benedict  and  Talbot 
(1921)  during  the  adolescent  period  were  com- 
paratively few  and  were  of  the  cross-sectional 
tj'pe,  whereas  longitudinal  data  on  individual 
children  showing  the  rate  of  basal  heat  procluc- 
tion  before,  during,  and  after  the  prepubertal 
growth  spurt  are  necessary  to  show  the  changes 
associated  with  puberty.'  Likewise,  Bierring 
(1931)  found  no  evidence  of  an  increase  in  the 
average  relative  heat  production  of  boys,  al- 
though there  were  individual  inci'eases  in  a  group 
of  14-  and  15-year  old  boys. 

On  the  basis  of  longitudinal  observations  dur- 
ing adolescence,  T\"ebster  et  al.  (1941)  reported 
that  "no  evidence  of  an  increase  in  the  average 
relative  heat  production  at  the  time  of  so-called 
'puberty-  was  found."  Measurements  on  many 
of  these  children  were  not  begun  until  12  years  of 


age.  Therefore,  any  increase  would  be  less  ob- 
vious than  when  data  for  preceding  ages  were 
available  for  comparison.  However,  an  exami- 
nation of  the  age  curves  for  their  individual 
children  showed  an  increase  in  heat  production 
during  the  prepubertal  growth  spurt.  The  aver- 
age curve  for  the  boys  also  showed  a  slight  in- 
crease in  heat  production  per  unit  of  body  sur- 
face between  13  and  16  years.  Therefore,  we 
consider  their  results  to  be  in  agreement  with 
those  from  other  workers  reporting  an  increase 
in  metabolism  during  puberty. 

In  a  more  recent  analysis  of  basal  metabolic 
data  Quenouille  et  al.  (1951)  also  reported  that 
there  was  "no  e'^'idence  of  any  significant  change 
in  basal  metabolism  at,  or  about,  puberty." 

The  controversy-  regarding  this  increase  may  be 
explained  by  the  methods  used  in  interpreting  the 
results  as  indicated  hj  Xylin's  (1935)  conclu- 
sions from  observations  on  12  girls  during  a  4- 
year  period.  He  reported  that :  "During  tliis 
maximum  (the  accentuated  height -growth  pe- 
riod) the  standard  metabolism,  taken  absolutely, 
increases  considerably.  Calculated  per  square 
meter  of  body  surface  or  per  kilogram  of  body 
weight,  the  standard  metabolism  is  either  in- 
creased or  constant  during  the  maximum  inten- 
sity of  height-growth,  which  affords  strong  evi- 
dence for  the  assiunption  that  during  this  period 
an  increase  in  combustion  takes  place  in  the 
organism." 

Thus,  if  heat  production  is  shown  in  relation 
to  weight,  the  increase  should  not  be  apparent, 
as  both  heat  production  and  weight  are  increas- 
ing at  about  the  same  rate.  In  averaging  groups 
of  data  for  a  given  age,  the  results  may  not  shoAv 
an  increase,  as  some  subjects  may  be  showing  a 
rise  while  others  a  fall,  depending  upon  the  age 
at  which  physiological  maturity  is  reached.  This 
distortion  is  illustrated  by  comparing  the  heat 
production  and  weight  curves  for  three  girls 
(N"os.  47,  137,  and  157)   in  figure  5. 

In  subject  137  the  level  of  heat  production  was 
variable  but  changed  very  little  after  12  years 
(onset  of  menarche)  ;  in  subject  47  heat  produc- 
tion declined  decidedly  1  year  after  the  onset  of 
menarche;  in  subject  157  it  dropped  slightly  at 
about  15  years  (onset  of  menarche),  followed  by 
a  rise  corresponding  to  an  increase  in  weight. 
Thus,  the  average  heat  production  of  these  three 
subjects  would  not  be  representati^-e  of  the  true 
picture  showing  the  changes  associated  with  the 
prepubertal  growth  spurt,  because  all  matured  at 
different  ages. 

^'^Hien  heat  production  is  expressed  per  unit 
of  body  surface,  the  change  associated  with  the 
prepubertal  growth  spurt  is  not  so  pronounced 
and  is  often  ovex'looked,  since  height  and  weight 
likewise  increase  during  this  period.  Therefore, 
heat  production  per  miit  of  bod}^  surface  declines 
with  advancing  age  and  the  increase  during  the 
prepubertal    growth    spurt    may    not    be    large 
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enough  to  show  a  definite  increase  per  unit  of 
body  surface.  Instead,  it  may  be  indicated  by  a 
"leveling  off"'  or  a  change  in  the  rate  of  decline. 

From  the  foregoing  analysis  of  the  longitudinal 
data,  it  is  concluded  that  changes  in  the  basal 
metabolic  rate  occur  between  4  and  5  years  of  age 
and  at  al)out  puberty.  (The  increase  during  the 
prepubertal  growth  spurt  coincides  with  an  in- 
crease in  weight,  so  that  the  increase  in  heat 
production  per  imit  increase  in  weight  is  un- 
changed during  this  period  of  rapid  groAvth.) 
After  puberty  the  variability  in  metabolism  is 
much  greater  and  probably  reflects  the  physio- 
logical adjustments  necessary  to  change  from  the 
higher  metabolic  rate  of  a  growing  child  to  the 
lower  metabolic  rate  of  an  adult  in  whom  the 
maximum  height  has  been  reached,  although 
weight  may  continue  to  increase. 

Thus,  on  the  basis  of  physiological  changes  the 
age  span  from  2  years  to  maturity  may  be  sepa- 
rated into  the  three  following  age  intervals:  Pre- 
school (girls  from  2  to  4  years,  inclusive,  and 
boys  2  to  4I/2  years,  inclusive).  School  Age  to 
Puberty,  and  Postpubertal.  The  third  group 
represents  a  "transition  period''  between  puberty 
and  physiological  maturity  and  included  girls  up 
to  16  years  and  boys  up  to  18  years  of  age.  Data 
for  girls  16  years  and  older  and  bovs  18  years 
and  older  were  included  only  when  they  were  a 
pai't  of  a  study  of  younger  ages  to  indicate  for 
comparative  purposes  the  rate  of  metabolism  es- 
tablished after  maturity. 


To  separate  the  data  into  "School  Age  to  Pu- 
berty" and  "Postpubertal"  age  intervals,  the  age 
at  which  the  growth  rate  in  height  changed  (as 
determined  by  plotting  height  against  age  on 
semilogarithmic  paper)  was  used  to  indicate  the 
age  of  "puberty''  for  the  longitudinal  data,  im- 
less  the  age  of  onset  of  menarche  for  girls  was  re- 
ported. For  the  cross-sectional  data,  the  follow- 
ing tabulation  was  set  up,  on  the  basis  of  results 
from  the  available  longitudinal  data : 

Boys  1  Girls  2 

Stocky  or  Overweight:  =*  ^««"  ^«''" 

tall  for  age MJ-'a  12^ 

Average  height  for  age 15  13 

Short  for  age ISH  13^ 

Normal,  Slender,  or  Underweight: ' 

Tall  for  age 15  13 

Average  height  for  age \hVi  lS}i 

Short  for  age 16  14 

■  Represents  the  average  age  at  which  the  increase  in 
height  declines  as  physiological  maturity  was  approached. 

2  Represents  the  average  age  of  onset  of  menarche. 

'  Weight-for-height  classification  to  be  described  in 
section  VI. 

Exceptions  to  the  above  tabulation  were  made 
in  several  cases,  especially  for  boys  under  15 
years  of  age,  who  were  tall  for  their  age  and 
showed  a  decidedly  low  metabolic  rate  corre- 
sponding closely  to  the  Postpubertal  group. 
From  studies  on  obese  children,  Bruch  (1939a, 
1939b,  191:2)  found  that  menarche  sometimes  oc- 
curred before  10  years  of  age  in  girls,  and  pu- 
Ijertal  development  sometimes  was  attained  by 
boys  11  or  12  years  of  age. 
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VI. — Weight-for-Height  Classification  of  Children 


The  conventional  practice  for  indicating  nu- 
tritional status  and  for  interpreting  data  on  chil- 
dren is  to  compare  a  child's  height  or  weight  in 
relation  to  his  age  with  some  selected  height- 
weight  standard  {see  appendix  A).  Because  of 
the  wide  range  in  the  heights  and  weights  of 
children  for  any  given  age  and  because  of  the 
differences  in  growth  rates,  this  procedure  is 
often  unsatisfactory  {see  Tanner,  1952),  espe- 
cially since  successive  generations  of  children  are 
progressively  taller  and  heavier  and  are  matur- 
ing earlier. 

That  body  weight  in  relation  to  height,  dis- 
regarding age,  may  be  a  more  logical  means  of 
comparison  than  the  relationship  between  weight 
and  age  or  height  and  age  was  pointed  out  as 
early  as  1921  by  Benedict  and  Talbot  in  their 
metabolic  studies  on  children.  These  workers 
drew  a  curve  through  plotted  values  of  height 
(Y-axis)  for  weight  (X-axis)  on  an  arithmetic 
scale  to  indicate  the  bodily  proportion  of  their 
children.  They  considered'  that  on  the  basis  of 
age  the  taller,  and  therefore  the  heavier,  private 
school  children  were  superior  to  the  laboratory 
children.  However,  when  using  the  relationship 
between  height  and  loeight  for  comparison,  the 
laboratory  children  were  considered  superior, 
since  they  weighed  more  for  a  given  height. 
From  their  viewpoint  excess  weight  was  advan- 
tageous during  the  period  of  growth.  There- 
fore, the  laboratory  children  were  considered  to 
be  better  proportioned,  whereas  the  private  school 
children  were  considered  to  be  underweight  for 
their  height. 

Of  the  height-Aveight  standards  presented  by 
Hathaway  (1957)  in  the  compilation,  "Height 
and  Weights  of  Children  and  Youth  in  the 
United  States,"  only  two  standards  show  a  func- 
tional relation  between  height  and  weight.  The 
Bayer-Gray  (1935)  charts  shoAv  on  arithmetic 
scales  the  average  height  plotted  as  function  of 
weight  and  indicate  ranges  for  each  year  of  age; 
the  resulting  curve  is  curvilinear.  The  more  com- 
plicated Wetzel  grid  (1941)  employs  logarithmic  = 
scales  to  present  weight  (Y-axis)'  in  relation  to 
height  (X-axis)  to  indicate  nine  physique  chan- 
nels or  six  body-types;  a  second  set  of  curves  (the 

-  "Logarithmic"  paper  as  used  herein  denotes  that  both 
the  X-axis  and  Y-axis  are  logarithmically  divided  and 
corresponds  to  the  "double  logarithmic"  or  "log-log"  termi- 
nology sometimes  used.  In  contrast,  "semilogarithmic" 
paper  denotes  paper  which  has  the  X-axis  arthimetically 
divided  and  the  Y-axis  logarithmically  divided. 


auxodiomes)  is  used  to  show  development  in  rela- 
tion to  age. 

Other  investigators  also  have  used  logarithmic 
grids  to  show  the  height-weight  relation  during 
growth.  Logarithmic  scales  were  used  in  the 
nomograph  presented  by  Vogelius  (1945)  to  in- 
dicate whether  the  "weight-height  balance"'  was 
normal  or  abnormal  for  girls  7  to  15  years  old 
(for  girls  older  than  15  years,  the  weight  in- 
creased out-of -proportion  to  their  height) .  Brodv 
(1945),  using  data  of  Woodbury  "(1921)  and 
Hastings  (1902),  showed  the  relation  of  weight 
to  height  in  humans  from  birth  to  22  years  on 
logarithmic  coordinate  paper  and  reported  that 
"breaks"  occurred  at  1,  5,  and  15  years  of  age 
(Avith  corresponding  heights  of  about  70,  110, 
and  110  centimeters)  ;  thus,  the  age  span  was 
divided  into  four  segments,  each  having  a  dif- 
ferent slope. 

Similarly,  a  weight-height  relation  on  logarith- 
mic coordinate  paper  was  reported  by  D0ssing 
(1952)  for  the  age  span,  birth  to  18  years,  and  by 
Asmussen  and  Heeb0ll-Nielsen  (1956)  for  chil- 
dren 7  to  16  3'ears  of  age. 

D0ssing  (1952)  separated  the  curve  into  "three 
rectilinear  sections''  with  "bends"  occurring  at  75 
and  120  centimeters  (corresponding  to  about  1 
3'ear  and  between  6  and  7  years  of  age).  For  the 
section  beginning  with  a  height  of  120  centimeters, 
he  derived  logarithmic  equations,  W=cH™,  for 
measurements  on  2,308  boys  and  2,433  girls.  The 
slope  {m  in  the  equation)  of  the  average  weight- 
height  line  was  slightly  steeper  for  the  girls  (2.80) 
than  for  the  boys  (2.64)  ;  this  difference  was  at- 
tributed to  an  earlier  cessation  of  growth  in  height 
with  continued  increase  in  weight  on  the  part  of 
girls.  The  constant  (c  in  the  equation)  was  found 
to  vary  for  individual  children  and  indicated  the 
level  of  the  growth  line;  a  low  level  indicated  a 
slender  type  of  body  and  a  high  level,  a  stocky 
type. 

Lcgarithmic  charts  for  determining  the  level 
and  slope  of  the  growth  rate  for  boys  and  girls  of 
school  age  were  constructed  by  D0ssing  (1952). 
The  average  weight-height  line  was  used  as  the 
basis  for  the  chart,  and  lines  for  plus  and  minus 
1,  2,  and  3  times  the  standard  error  of  the  average 
weight  for  height  served  as  boundary  lines  for 
areas  between  the  designated  standard  errors. 

losing  average  (50th  percentile)  values  from 
Stuart-]Meredith  (1946)  as  typical  of  recent 
lieight-weight  standards  for  children  in  the 
United  States,  we  found  that  weight  for  height 
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Figure  6. — Stuart-Meredith  (1946)  height-weight  data  plotted  on  a  semilogaritliinic  grid. 

The  average  line  was  fitted  by  "inspection."    Ages  corresponding  to  the  data  points  are  indicated.    The  insert  shows 

the  same  data  plotted  on  a  logarithmic  grid. 


was  satisfactorily  represented  on  seniilogarithmic 
paper  (figure  6)  by  a  single  line  for  heights  from 
110  centimeters  to  about  160  centimeters  for  girls 
and  to  about  170  centimeters  for  boys,  or  for 
ages  5  to  13  years  for  girls  and  5  to  15  years  for 
boys. 

The  50th  percentile  values  from  Boyd's  Stand- 
ards (1952)  and  average  values  from  Bayley's 
data  (1956)  agreed  well  wdth  the  Stuart-Mere- 
dith Standards  and  justified  extending  the 
straight-line  curve  downward  to  about  75  centi- 
meters on  the  basis  of  data  for  children  2  to  5 
years  old  (figure  7).  Two  straight -line  segments 
(with  a  break  at  about  120  centimeters)  would 
be  necessary  to  represent  the  same  heiglit  span 
(75  to  160  centimeters)  on  logarithmic  paper  as 
shown  in  the  insert  in  figure  7  and  by  other  in- 
vestigators previously  mentioned  (Brody,  1945; 
D0ssing,  1952). 

There  was,  however,  a  definite  upward  swing 
from  the  strai<jht-line  of  average  values  for  ijirls 


13  years  and  older  and  for  boys  15  years  and 
older  (about  160  and  170  centimeters  height,  re- 
spectively). This  upward  trend  Avas  more  pro- 
nounced in  the  data  from  Stuart-Meredith  (fig- 
ure 6)  and  from  Bayley  (figure  7)  than  in  the 
data  from  Boyd  (figure  7),  and  was  much  more 
pronounced  for  girls  than  for  boys.  A  similar 
trend  was  found  also  on  the  logarithmic  curves 
(see  insert  in  figures  6  and  7).  The  trend  for 
boys  and  girls  to  become  heavier  in  relation  to 
height  as  they  approach  maturity  may  be  at- 
tributed to  tlie  tendency  for  girls  to  add  a  greater 
percentage  of  fat  and  for  boys  to  increase  in 
muscular  development  (Talbot,  1925;  Reynolds, 
1950;  Eichorn  and  McKee,  1953;  Gam  and  Clark, 
1953;  Hammond,  1955;  Asmussen  and  Heebc^ll- 
Xielsen,  1956). 

The  more  pronounced  change  in  the  relationship 
between  weight  and  height  at  about  the  time  of 
puberty  for  girls  may  be  associated  in  part  to  the 
difference  in  bodily  proportions  of  boys  and  girls. 
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FiGUEE  7. — Boyd  (1952)  and  Bayley  (1956)  height-\Yeiglit  data  plotted  on  a  semilogarithmic  grid. 

The  average  line  shown  is  that  from  figure  6.    Ages  corresponding  to  the  data  points  are  indicated.    The  insert 

shows  the  same  data  plotted  on  a  logarithmic  grid. 


Asmussen  and  Heeb0ll-Nie]sen  (1956)  reported 
that  girls  had  shorter  legs  and  longer  trunks  than 
boys.  This  ditference  was  slight  but  consistent 
until  a  height  of  about  150  centimeters  was 
reached  (corresponding  to  the  average  height  of 
a  Danislt  girl  13  years  of  age,  which  is  close  to  the 
mean  age  of  puberty) ,  when  it  became  exaggerated. 
These  workers  also  reported  that  the  slopes  of  the 
regi'ession  lines  representing  the  weight-height 
relation  were  slightly  steeper  for  boys  and  girls 
taller  than  145  centimeters  than  for  those  shorter 
than  145  centimeters,  and  that  the  difference  in 
slope  was  greater  between  tall  and  short  girls  than 
between  tall  and  short  boys. 

That  average  groups  of  boys  and  girls  tend  to 
become  heavier  in  relation  to  their  height  at 
about  the  time  of  puberty  may  be  due,  in  part, 
to  tlie  method  of  averaging  data  from  population 
groups  which  are  normally  characterized  by  more 
overweight  than  underweight  cases  (this  will  be 
evident   from   table   5).     Furthermore,  the  per- 


centage overweight  a  child  may  attain  and  still 
be  considered  physically  normal  is  much  greater 
than  the  percentage  underweight  a  child  may 
attain  and  not  be  considered  emaciated  (abnor- 
mal). Therefore,  the  average  weight  of  a  popu- 
lation samjjle  will  tend  to  be  higher  (if  children 
with  excessive  Aveights  are  included)  in  relation 
to  the  average  height,  which  will  not  be  affected 
b}'  this  biological  phenomenon.  Since  after  pu- 
berty there  is  a  greater  tendenc}'  for  girls  to  add 
fatty  tissue  than  boys,  the  average  weight  of  a 
group  of  girls  will,  no  doubt,  be  heavier  in  rela- 
tion to  their  height  than  a  similar  group  of  bo_ys. 
Thus,  it  appears  that  the  relatively  higher  values 
of  weight  for  height  for  average  groups  of  boys 
and  girls  after  puberty  may  be  a  distortion  and  is 
not  to  be  desired.  Hence,  the  average  line  repre- 
senting the  relationship  between  weight  and  height 
of  younger  children  (although  not  representative 
of  the  average  relationship  for  most  population 
groups  after  puberty)  may  be  preferable  for  ap- 
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plication  to  Postpubertal  boys  and  girls.  There- 
fore, we  have  classified  the  Postpubertal  boys  and 
girls  according  to  weight  for  height  as  indicated 
by  extending  the  straight  line  in  figure  6  to  include 
heights  up  to  190  centimeters. 

In  figure  6  tlie  relationship  between  weight  and 
height  appears  to  be  the  same  for  boys  and  girls 
before  puberty.  However,  figure  7  shows  that  for 
the  same  height,  girls  weigh  slightly  less  than  the 
boys  for  heights  below  about  120  centimeters,  but 
are  heavier  than  the  boys  for  taller  heights.  As 
previously  mentioned,  r)0ssing  (1952),  and  also 
Asmussen  and  Heeb0ll-Nielsen  (1956),  reported 
that  the  rate  of  increase  in  weight  per  unit  increase 
in  height  was  slightly  higher  for  girls  than  for 
boys.  For  our  purposes  any  difference  in  the  re- 
lationship between  weight  and  height  of  boys  and 
girls  is  so  slight  that  a  distinction  between  the 
sexes  was  unnecessary,  especially,  since  the  chil- 
dren were  sometimes  weighed  without  clothes  and 
at  other  times,  with  A'arying  amounts  of  clothes. 

Since  average  weight  for  height  of  children 
plotted  on  semilogarithmic  paper  is  a  straight  line, 
this  relationship  may  be  represented  by  the  expo- 
nential growtli  curve  (or  Compound  Interest 
Law)  : 

W=Ae''« 

in  which  W  represents  weight  in  kilograms  and 
H,  height  in  centimeters;  A,  theoretically,  is  the 
value  of  W  when  H  is  zero,  and  b  is  the  slope  of 
the  line  or  the  instantaneous  relative  rate  (or, 
when  multiplied  by  100,  the  percentage  rate)  of 
increase  in  weight  ])er  unit  increase  in  height. 

The  slope  of  the  line  in  figure  6  was  estimated 
to  be  about  0.018,  meaning  that  for  each  centimeter 
added  to  height,  weight  increased  at  a  constant 
rate  of  1.8  percent.  The  value  of  A  was  estimated 
to  be  2.6.  Thus,  the  equation  relating  weight  to 
height  for  metric  units  was 

"^  =  2.66°""". 

The  equation  for  U.S.  customary  units  (pounds 
and  inches)  was 

W=6.0e°°^=". 

Similar  values  were  reported  by  O'Brien  et  al. 
(1941).^  From  measurements  on  55,175  boys 
and  37,842  girls,  the  relative  rate  of  increase  in 
weight  per  centimeter  of  height  was  found  to  be 
1.83  percent  for  boys  aged  4  to  14  years  and  2.06 
for  girls  aged  4  to  11  years.  Because  the  data 
were  shown  only  on  an  arithmetic  grid  and  re- 
ported as  average  height  and  weight  for  age,  an 
evaluation  of  the  relationship  between  weight 
and  height  for  girls  over  11  years  and  the  signifi- 
cance of  the  greater  increase  for  girls  could  not 
be  made. 
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The  75th  percentile  values  for  weiglit  plotted 
in  relation  to  the  50th  percentile  values  for  height 
at  a  given  age  fall  close  to  the  line  drawn  10 
percent  above  the  average  line.  Values  for  ages 
younger  than  11  years  for  boys  and  8  years  for 
girls  are  slightly  below  the  +10  percent  line, 
while  those  for  older  ages  are  above  the  +10 
percent  line  and  the  deviations  become  increas- 
ingly greater  with  advancing  age.  Similarly,  the 
25th  percentile  values  for  weight  plotted  in  rela- 
tion to  the  50th  percentile  values  for  height  at  a 
given  age  fall  close  to  the  line  drawn  10  percent 
below  the  average  line.  For  most  ages  the  plotted 
values  fall  slightly  above  the  line  until  age  14 
years  for  girls  and  16  years  for  boys,  at  which 
time  the  deviations  become  greater. 

That  this  relationship  between  weight  and 
height  is  applicable  to  children  large  or  small 
for  tlieir  age  (both  height  and  weight  in  the 
same  percentile)  is  evident,  since  the  height  and 
weight  values  for  the  25th  and  75th  percentiles 
from  the  Stuart -Meredith  Standards  (1946)  fall 
ver}^  close  to  the  average  line  based  on  the  50th 
percentile  values.  Height  and  weight  values  for 
the  10th  and  90th  percentiles  deviate  more,  but 
are  within  plus  and  minus  10  percent  of  the  aver- 
age line. 

The  average  line  from  figure  6,  drawn  through 
the  50th  percentile  values  and  represented  by  the 
equation, 

"W=2.6e'°^*" 

was  the  basis  for  the  six  weight-for-height  classi- 
fications shown  in  figure  8.  Children  whose 
weight  for  height  (regardless  of  age)  fell  within 
plus  and  minus  10  percent  of  this  average  line 
were  classified  in  the  "Normal"  weight-for-height 
classification.  Children  weighing  more  in  rela- 
tion to  their  weight  were  classified  as  "Stocky" 
if  their  weight  for  height  fell  between  10  and  20 
percent  above  the  ai^erage  line;  "Overweight" 
for  height  if  between  20  and  40  percent  above; 
or  "Obese''  if  40  percent  or  more  above.  Chil- 
dren weighing  less  in  relation  to  their  height 
were  classified  as  "Slender''  if  their  weight  for 
height  fell  between  10  and  20  percent  below  the 
average  line,  or  "Underweight"  for  height  if 
more  than  20  percent  below. 

This  classification  is  not  meant  to  indicate  the 
l^ercentage  overweight  or  underweight  a  child 
may  be;  it  is  simply  a  means  of  classifying  chil- 
dren into  groups  that  are  more  homogenous  than 
classifications  based  on  average  height  or  weight 
for  age.  Children  within  the  Stocky  classifica- 
tion may  have  a  large  bony  skeleton  or  may  be 
more  muscular  than  children  in  the  Normal  or 
Slender  classifications  but  may  not  be  overAveight 
or  approaching  overweight;  this  classification 
also  may  include  children  who  have  a  small  bony 
skeleton  but  have  adipose  tissue.  Similar  com- 
parisons may  be  made  for  the  other  classifica- 
tions. 
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Figure  8. — Weight-for-height  classification  of  children  :  Metric  units. 

Values  used  to  establish  the  average  line  were  as  follows :  For  100  cm..  16.1  kg. ;  for  130  cm.,  27.3  kg. ;  and  for 

160  cm.,  46.3  kg. 


The  relationship  between  weight  and  height 
during  growth  of  individual  children  is  illus- 
trated in  figure  9  for  ages  2  to  16  years  and  in 
figure  10  for  ages  12  to  18  years.  Children  may 
have  approximately  the  same  height  for  age 
(upper  sections,  figure  9)  but  be  in  a  different 
Aveight-for-height  classification  (lower  sections, 
figure  9)  throughout  the  age  span  3  to  16  years. 

Conversely,  children  may  haA^e  the  same  weight- 
for-height  classification,  yet  may  be  tall  or  short 
for  their  age  as  illustrated  for  children  12  to  18 
years  old  in  figure  10.  Note  that  in  figures  9 
and  10  an  upward  trend  at  the  end  of  the  curves 
occurred  more  often  for  girls  than  for  boys  and 


was  more  pronounced  for  short  girls  than  for 
tall  girls.  In  some  children  (for  example,  see 
numbers  103  and  33,  figure  9)  Aveight  increased 
out-of-proportion  to  height,  and  thus  changed 
from  a  Normal  to  an  Overw^eight  weight-for- 
height  classification. 

Figure  11  indicates  that  heat  production  of 
children  classified  as  Stocky  or  OA-erweight  may 
be  loAver  than  that  of  children  of  the  same  weight 
but  Avithin  the  Normal  weight-for-height  classi- 
fication. There  are  indications  also  {f<ee  left  sec- 
tions of  figure  11)  that  as  the  relationship  be- 
tAveen  Aveight  and  height  changed  from  Normal 
to  Stocky  "or  OA-erAveight,  the  curve  correlating 
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Figure  9. — Colorado  boys  axd  girls  2  to  16  years  old:     Longitudinal  data  showing  variations  in  weight-for-height 

classifications  for  individual  boys  and  girls. 

Height  for  age  is  given  in  the  upper  section  to  show  that  children  may  have  approximately  the  same  height  but  a 
different  weight-for-height  classification  or  may  be  of  different  height  but  be  in  the  same  weight-for-height  classification. 
Data  from  Lewis.  Kinsman,  and  Iliff  ( 1937 )  and  Duval  ( 1942 ) . 


heat  production  with  weight  chanixed  to  a  lower 
leveL  Thus,  the  next  step  in  the  data  analysis 
was  to  determine  whether  there  were  sip:nificant 
differences  in  the  heat  production  of  children 
within  the  diflFerent  weiirht-for-lieight  classifica- 
tions (section  VII). 

For  this  purpose  the  children  for  whom  we  oh- 
tained  basal  metabolic  data  were  classified  on  the 
basis  of  their  weight  for  height  (disregarding 
chronological  age)  into  the  six  classifications 
shown  in  figure  8.  A  further  division  was  made 
on  the  basis  of  age  by  dividing  each  classification 


into  three  physiological  age  intervals  (Preschool, 
School  Age  to  Puberty,  Postpubertal  to  16  years 
for  girls  and  to  18  years  for  boys)  as  established 
in  the  preceding  section  from  analysis  of  the 
longitudinal  data.  Data  obtained  for  girls  16 
years  and  older  and  boys  18  years  and  older  in- 
cluded with  data  in  the  studies  on  younger  chil- 
dren were  analyzed  for  comparative  purposes,  but 
they  are  not  to  be  considei-ed  complete.  The 
number  of  measurements  for  each  of  these  classi- 
fications is  given  in  table  5. 
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Figure  10. — Califor>-ia  boys  axd  girls  12  to  is  years  old:  Longitudinal  data  showing  variations  in  weight-for-height 
classifications  (lower  sections)  of  individual  boys  and  girls  tall  and  short  for  their  age  (height  for  age  in 
upper  section). 

Data  from  Eichorn  (n.p. ). 
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Figure  11. — Heat  production  in  relation  to  weight  for  children  within  different  weiglit-for-height  classificatious  and 
for  children  in  which  the  weight-for-height  classifieation  has  changed  from  Normal  to  Stocky  to  Overweight  with 
increasing  age. 

Data  from  Lewis,  Kinsman,  and  Iliff  (1937)  and  Duval  (1942).    See  figure  9  for  the  weight-for-height  classification 
of  girls  numbered  11,  3o,  and  69  and  boys  numbered  48,  60,  and  103. 
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VII. — Correlation  of  Basal  Metabolism  With  Weight 


The  available  lieat  production  data  from  each 
location  (or  investigator)  were  correlated  with 
weight  separately  for  each  physiological  age  in- 
terval (Preschool,  School  Age  to  Puberty,  and 
Postpubertal)  and  for  each  weight-for-height 
classification,  since  a  linear  relationship  was 
foimd  to  exist  between  basal  lieat  production  and 
weight.  Regression  equations  were  derived  for 
each    location     (investicfitor)    having    a    weight 


range  of  15  kilograms  or  more  and  12  measure- 
ments or  more  on  children  of  a  given  weight-for- 
height  classification  within  a  given  age  group. 
Exceptions  to  these  conditions  were  made  for  the 
Preschool  age  interval. 

It  is  often  customary  to  make  some  selection  of 
the  measurements  before  reporting  basal  meta- 
bolic data  {see  table  2).  Thus,  the  variability 
of  these  data  has  been  reduced  to  a  certain  extent 
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Figure  12. — \e\v  York  City  boys  and  girls  within  the  Normal  weight-for-height  classification  :     Relationship  of 

l)asal  lieat  production  (Cal./hr.)  to  weight. 

Individual  data  for  the  age  Intervals  as  indicated  are  shown  and,  when  sufficient  data  are  available,  also  the 
regres.sion  lines  for  each  age  interval.    Data  from  Taylor  (n.p.)  and  Topper  and  Mulier  (1932). 
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(depending  upon  the  procedure  of  selection  by 
the  investigator)  before  analysis,  which  is  con- 
trary to  statistical  theory.  .  Nevertheless,  statisti- 
cal methods  Avere  employed  as  an  aid  in  process- 
ing the  data ;  for  each  grovip  meeting  the  specifi- 
cation given  above,  the  following  statistical 
measures  were  computed: 

The  regression  equation,  r=a-|-?)A',  fitted  to  the  data 
by  the  method  of  least  squares,  expresses  mathematically 
the  average  relationship  between  heat  production  (7) 
and  body  weight  (A').  The  constant,  a  in  the  equation, 
is  the  I'-intereept  when  X  equals  zero ;  it  determines 
the  height,  or  elevation  of  the  regression  line  above 
the  J-axis.  The  slope  of  the  line,  or  regression  coeffi- 
cient, is  symbolized  by  h  in  the  equation ;  it  determines 
the  change  in  Y  (heat  pi-oduction)  per  unit  change  in 
X    (weight). 

The  standard  error  of  estimate,  or  standard  deviation 
from  regression,  measures  the  variability  (in  Calories 
per  hour  for  the  equations  given  herein)  about  the 
regression  line.   Two-thirds  of  the  data   points  will  fall 
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within  plus  and  minus  the  standard  error  of  estimate 
about  the  line  of  regression  if  the  distribution  approxi- 
mates the  normal. 

The  correlation  coefficient,  symbolized  by  r,  measures 
the  degree  of  relationship  between  lieat  production  and 
weight.  Values  of  r  may  range  between  one  (a  perfect 
relationship)    and  zero    (no  relationship). 

FOR  NORMAL  AND  SLENDER 
CHILDREN 

Figures  12  through  17  present  scatter  diagrams, 
with  derived  equations,  showing  the  I'egression 
of  basal  heat  production  on  weight  for  boys  and 
girls  within  the  Normal  weight-for-height  classi- 
fication. The  statistical  measures  for  each  loca- 
tion are  given  in  tables  6  for  boys  and  7  for  girls. 

That  the  increase  in  heat  production  per  unit 
increase  in  weight  is  greater  for  the  Preschool 
age  interval  than  for  the  corresponding  School 

NEW  YORK  (Webster) 
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Figure  1.3. — New  York  boys  and  girls  within  the  Xormal  weight-for-height  classificvtion  :     Relationship  of  basal 

heat  production  (Cal./hr. )  to  weight. 

Individual  data  for  the  age  intervals  as  indicated  are  shown  and,  when  sufficient  data  are  available,  also  the 
regression  lines  for  each  age  interval.  Data  from  Davenport,  Renfroe,  and  Hallock  (1939)  and  Webster,  Harrington, 
and  Wright  (1941). 
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Table  6. — Boys  within  the  Normal  and  Slender  aveight-for-height  classifications:  Regression 

production 


Location 


Investigator  (s") 


Normal  weight-for-height  classification 


Number 

of 
measure- 
ments 


Weight 
range,  kg. 


Recression  equation 
Y  =  Cal./hr. 
X  =  weight,  kg. 


Standard 

error  of 

estimate 


Correlation 
coefficient ' 


New  York  City 

Texas __ 

Colorado 


Northeast  Region; 
New  "^'ork  Citv_ 

Do :_ 


New  York_ 
Do._- 


North  Central  Region: 
Illinois  and  Ohio 


Illinois 

Michigan. 

Do-- 


Southern  Region: 
Texas 1_-_ 


Western  Region: 
Colorado 


Washington. 
California.  _ 


Northeast  Region: 
New  York 


North  Central  Region: 
Illinois 


Western  Region: 
Colorado 


Washington. 
California 


Arizona. 


Taylor  (n.p.) 

Lamb  (n.p.) 

Lewis     et     al.     (1937); 
Duval  (1942). 


Taylor  (n.p.) 

Topper     and     Mulier 

(1929b;   1932). 
Davenport  et  al.  (1939) 
Webster  H  al  (1941)... 


Wang  (1934,  l939),Wang 
et  al.  (1926,  1936). 

Morse  (n.p.) 

Maronev  and  Johnston 
(1937). 

Hoobler  (n.p.) 


Lamb  (n.p.) 


Lewis     et     al.     (1937); 
Duval   (1942). 

Esselbaugh  (n.p.) 

Eichorn  (n.p.) 


Davenport  et  al.  (1939). 
Morse  (n.p.) 


Lewis     et     al.     (1937); 
Duval   (1942). 

Esselbaugh  (n.p.) 

Eichorn  (n.p.) 


Thompson  (n.p.) 


11 

20 

167 


127 
29 

165 
60 


70 
12 

27 


22 


553 

37 

268 


16 
20 

14 

40 
128 


20 


Preschool 


15. 

7- 

-18. 

3 

14. 

0- 

-19. 

1 

12. 

0- 

-19. 

8 

Y=-0.  88-1-2.  SOX 
Y=  18.  4-1-1.  17X 
Y=    17.  2+1.  12X 


School  Age  to  Puberty 


18.  7-56.  7 

19.  0-50.  0 

22.  2-57.  5 

27.  7-58.  4 

13.  5-30.  8 

23.  5-63.  1 
17.  2-32.  2 

16.  9-43.  6 

17.  2-46.  0 

15.  8-64.  3 

40.  0-62.  3 
27.  4-65.  2 

Y  =  26.  6-1-0.  75X 
Y=13.  8-1-1.  09X 


=  19.  8-1-0.  86X 
=  23.  l-HO.  87X 


Y  =  20.  7-fG.  93X 
Y=12.  9-1-1.  27X 

Y  =  21.  3-1-0.  98X 


Y  =  24.  6-fO.  74X 


Y  =  25.  4-1-0.  74X 

Y=18.  8  +  0.  89X 
Y=19.  5-fO.  95X 


Postpubertal  to  18  years 


42. 

7- 

-60. 

0 

51. 

8- 

-75. 

7 

49. 

4- 

-66. 

1 

50. 
45. 

9- 
2- 

-76. 
-92. 

8 
2 

Y  =  29.  4-i-O.  58X 

Y  =  61.  7-1-0.  19X 

Y  =  3.  76 -hi.  05X 

Y  =  16.  3-1-0.  79X 

Y  =  16.  0-t-O.  90X 


18  years  and  older 


57.  7-82.  6 


Y  =  32.  5-t-O.  54X 


1.  5 
1.9 
2.0 


0.  85 
.  64 
.  71 


3.  5 

2.  8 

4.  1 

4.  5 


4.  9 
1.  9 

3.0 


1.  6 


2.  8 

4.  8 

3.  8 


0.  81 
.  94 

.  86 
.  81 


.  86 
.  95 

.  91 


96 


90 

67 

89 


4.  8      0.  61* 


5.  6 


3.  3 

5.  6 
5.  4 


.  20  N.S. 


.  89 


.  62 
.  76 


0.  62 


^  Equations  were  not  derived  for  locations  having  less         15  kg.  within  a  given  weight-for-height  classification.     Ex- 
than  12  measurements  and  a  weight  range  of  less  than         ception  to  this  rule  was  made  for  Preschool  age  interval. 


36 


equations,'^  standard  errors  oj  estimate,  and  correlation  coeMcients  for  the  linear  relationship  between  heat 
and  weight 


Slender 

Normal  and  Slender  combined 

Number 

of 
measure- 
ments 

Weight 
range,  kg. 

Regression  equation 
Y=Cal./hr. 
X  =  weight,  kg. 

Standard 
error  of 
estimate 

Correlation 
coefficient^ 

Number 

of 
measure- 
ments 

Regression  equation 
Y  =  Cal./hr. 
X  =  weight,  kg. 

Standard 

error  of 

estimate 

Correlation 
coefficient' 

Preschool — Continued 

0 

1 

29 

15.  4 

12.  1-17.  2 

Y  =  9.  93+1.  66X 

1.6 

0.83 

196 

Y=16.  9+1.  14X 

1.97 

0.72 

School  Age  to  Puberty — Continued 

8 
10 

6 
10 

7 

13 
2 

13 

2 

183 

4 
30 

17.  0-32.  0 

15.  0-45.  0 

27.  2-47.  9 
30.  4-37.  3 

16.  0-28.  2 

17.  3-54.  1 

26.  8,  29.  0 

18.  3-29.  5 
20.  8,  22.  2 

15.  9-52.  6 

45.  8-56.  6 

27.  2-62.  5 

135 
39 

171 
70 

14 

83 
14 

40 

Y  =  26.  4  +  0.  75X 
Y=15. '9+1.  02X 

Y=19.  7  +  0.  86X 

Y  =  22.  4  +  0.  89X 

Y  =  25.  4  +  0.  81X 

Y  =  22.  3  +  0.  90X 
Y=12.  2+1.  30X 

Y  =  21.  7  +  0.  99X 

3.  5 

3.  2 

4.  1 
4.  4 

3.  1 

5.0 
2.0 

3.8 

0.  82 

93 

86 

83 

84 

Y  =  26.  6  +  0.  82X 

5.  1 

0.88 

.  86 
94 

86 

Y  =  25.  8  +  0.  72X 

2.8 

.90 

736 

41 
298 

Y  =  25.  5  +  0.  74X 

Y  =  24.  1  +  0.  79X 

Y  =  20.  6  +  0.  92X 

2.8 

5.8 
3.7 

.90 
55 

Y  =  26.  7  +  0.  76X 

2.8 

.94 

.89 

Postpubertal  to  18  years — Continued 

0 

1 

2 

5 
13 

58.  4 

53.  1,  54.  5 

51.  8-55.  9 

52.  9-61.  3 

16 

45 
141 

Y  =  5.  91  +  1.  02X 

Y  =  27.  6  +  0.  62X 
Y=15.  2  +  0.  91X 

3.  1 

5.  9 
5.3 

0.  88 

.  55 

.  76 

18  years  and  older — Continued 

2 

66.  4,  69.  8 

'  For  Literature  References,  see  section  XI. 

'  Significant  at  the  1-percent  level  unless  otherwise  indi- 


cated;   ♦=significant  at    the   5-percent   level;   N.S.^not 
significant. 
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Table  7. — Girls  within  the  Normal  and  Slender  weight-for-height  classifications: 

relationship  between  heat 


Location 


Investigator(s)2 


Normal  weight-for-height  classification 


Number 

of 
measure- 
ments 


Weight 
range,  kg. 


Regression  equation 
Y=Cal./hr. 
X  =  weight,  kg. 


Standard 
error  of 
estimate 


Correla- 
tion coef- 
ficient 3 


New  York  City 

Texas _"_ 

Colorado 


Northeast  Region: 

Massachusetts. . 

New  York  Citv. 

Do _"_ 


New  York_ 
Do.__ 


North  Central  Region: 
Illinois  and  Ohio 


Illinois 

Michigan  _ 
Do-_ 

Kansas 


Southern  Region:  Texas. 

Western  Region: 

Colorado 

Arizona 

California 


Northeast  Region: 

Massachusetts. . 

New  York  City. 

Do 


New  York. 


North  Central  Region: 

Ohio 

Michigan 

Kansas 


Western  Region: 

Colorado 

Arizona 

Washington... 
California 


North  Central  Region: 

Ohio 

Michigan 

Kansas 


Western  Region: 

Arizona 

California 


Taylor  (n.p.) 

Lamb  (n.p.) 

Lewis  et  a  I.  (1937) ;  Duval  (1942). 


Talbot  et  al.  (1937) 

Tavlor  (n.p.) 

Topper  and  MuUer  (1929b, 
1932). 

Davenport  et  al.  (1939) 

Webster  et  al.  (1941) 


Wang   (1934,    1939);   Wang 
et  al.  (1926,  1936). 

Morse  (n.p.) 

Alaroney  and  Johnston  (1937)_ 

Hoobler  (n.p.) 

Harrison  (n.p.) 


Lamb  (n.p.) . 


Lewis  et  a/.(1937);Duval(1942). 

Thompson  (n.p.) 

Eichorn  (n.p.) 


Talbot  et  al.  (1937) 

Tavlor  (n.p.) 

TopperandMuher(1929b,   __ 

1932). 
Davenport  et  al.  (1939) 

McKay  (1930) 

Hoobler  (n.p.) 

Harrison  (n.p.) 

Lewises  a?.  (1937);  Duval  (1942) 

Thompson  (n.p.) 

Esselbaugh  (n.p.) 

Eichorn  (n.p.) 

McKay  (1930) 

Hoobler  (n.p.)    

Harrison  (n.p.) 

Thompson  (n.p.) 

Eichorn  (n.p.) 


9 

14 

114 


16 

143 

37 

115 
23 


21 

15 
13 
34 
29 

21 


357 
21 
86 


16 
13 
17 


15 
26 
24 


18 

48 

41 

118 


24 
15 
23 


114 
57 


Preschool 


4 

6- 

-18. 

7 

2 

8- 

-17. 

4 

1 

0- 

-18. 

7 

Y=  12.8-1- 1.44X 
Y=  7.79-1- 1.63X 
Y=12.4-M.31X 


1.5 
2.  2 

1.7 


0.79=* 
.70 

.  78 


School  Age  to  Pubertj' 


33.  3-57.  6 

17.  7-50.  7 
21.  0-40.  9 

18.  7-53.  0 
26.  4-48.  6 


16.  4-46.  9 

22.  6-48.  9 

23.  1-40.  8 
16.  9-44.  1 
25.  1-44.  5 

15.  4-36.  6 


15.  1-52.  8 
30.  8-52.  8 
19.  5-51.  4 


Y=5.90-hl.29X 
Y=24.4  +  0.74X 
Y=4.30-H.35X 

Y=13.2-f0.96X 
Y=ll. 1-1-1. 13X 


Y  =  26.6-1-0.65X 

Y  =  25.0-|-0.67X 

Y  =  21.0-f0.85X 
Y=19.1-f0.99X 

Y  =  23.5-|-0.83X 

Y=24.2-H0.66X 


Y=23.  2-[-0.75X 
Y  =  23.44-0.73X 
Y=19.7-f-0.86X 


7.3 
3.6 
3.8 

3.  6 

4  1 

2.8 

3.5 
3.4 
3.3 
3.2 

2.  4 

2.6 
3.  8 
3.4 

0.75 

.  82 


.88 
.  85 


.  90 


.82 
.  94 

.82 

.78 


91 
75 
80 


Postpubertal  to  16  j'ears 


46.  1-67.  5 
43.  2-59.  6 
35.  5-51.  0 

32.  7-52.  9 


39.  8-56.  4 
37.  2-55.  8 
41.  5-53.  6 


43.  9-61.  5 

38.  6-69.  1 

39.  8-63.  4 
39.  5-55.  5 


Y  =  32.94-0.53X 

Y  =  20.7-|-0.69X 
Y=32.3-f0.59X 

Y  =  6.99-H0.96X 


Y=  16. 7-1-0. 83X 
Y=19.4-1-0.83X 


5.  3 
4.6 
3.  8 

42 


4  0 
4.  8 


Y  =  31.6-h0.48X 
Y=29.4-h0.49X 

Y  =  42.5-h0.18X 
Y=29.4-f0.53X 


44 
3.5 

4  2 
4  2 


0.  53* 
.  64* 
.  60* 

.  74 


69 
65 


48* 

62 

19  N.S. 

42 


16  j'ears  and  older 


41. 

3- 

-56. 

5 

42. 

8- 

-56. 

6 

43. 

3- 

-67. 

6 

40. 

6- 

-69. 

1 

46. 

0- 

-65. 

0 

Y  =  25.3-f0.59X 

Y  =  32.9-f0.45X 
Y=  19.8-1-0. 64X 


Y=  29.4-1-0. 41X 
Y=11.2-f0.82X 


3.9 

4  4 
4  0 


4  2 
4  1 


0.  58 
.  34  N.S. 
.70 


48 
60 


'  Equations  were  not  derived  for  locations  having  less 
than  12  measurements  and  a  weight  range  of  less  than  15 


kg.  within  a  given  weight-for-height  classification.     Excep- 
tion to  this  rule  was  made  for  the  Preschool  age  interval. 
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Regression  equations ,'^  standard  errors  of  estimate,  and  enrrelation  coefficients  for  the  linear 
production  and  weight 


Slender 

Normal  and  Slender  Combined 

Number 

of 
measure- 
ments 

Weight 
range,  kg. 

Regression  equation 
Y=Cal./hr. 
X  =  weight,  kg. 

Standard 
error  of 
estimate 

Correla- 
tion coef- 
ficient ' 

Number 

of 
measure- 
ments 

Regression  equation 
Y  =  Cal./hr. 
X  =  weight,  kg. 

Standard 
error  of 
estimate 

Correla- 
tion coef- 
ficient ' 

Preschool — Continued 

0 

0 

37 

10.  1-15.  5 

Y  =  7.21  +  1.74X 

1.  5 

0.87 

151 

Y=  12.0-1- 1.35X 

1.  7 

0.  82 

School  Age  to  Puberty — Continued 

0 

7 
20 

15 
9 

19 

7 

0 

1 

12 

0 

100 

7 
25 

21.  0-28.  9 
14.  0-44.  0 

18.  8-32.  3 
27.  5-37.  1 

17.  3-43.  8 
21.  2-44.  6 

150 

57 

130 
32 

40 

22 

Y  =  23.8-1-0.76X 

Y  =  4.36-M.39X 

Y=13.4-j-0.95X 
Y=12.3-}-1.09X 

Y  =  26.6-F0.65X 

Y  =  26.4-|-0.65X 

3.6 

4.  2 

3.7 
3.9 

2.5 
4.0 

0.  83 

Y=1.51  +  1.56X 

3.9 

0.95 

.90 

.  88 

.  83 

Y  =  26.4  +  0.67X 

2.3 

.92 

.91 

.  82 

33.  6 

26.  5-37.  5 

41 

Y  =  23.5  +  0.82X 

3.  2 

.  81 

12.  6-44.  3 
35.  6-44.  9 
18.  5-48.  0 

Y=20.0+0.87X 

1.9 

.96 

457 

28 

111 

Y  =  22.3-f0.78X 

Y  =  23.6  +  0.73X 

Y  =  21.1-f-0.83X 

2.5 
3.5 
3.  4 

.92 

.  77 

Y  =  21.9  +  0.83X 

3.  6 

.  86 

.82 

Postpubertal  to  16  years — Continued 

0 

4 
6 

0 

0 
1 

4 

6 
8 
2 
6 

44.  4-52.  8 
34.  0-42.  0 

17 
23 

Y  =  26.1-H0.59X 

Y  =  31.7-|-0.61X 

4.3 
3.  5 

0.  59* 

.  70 

40.  1 

44.  4-57.  6 

45.  6-50.  9 
36.  8-49.  7 

46.  6-47.  5 
33.  9-52.  0 

28 

24 

56 

43 

124 

Y=23.2-K0.64X 

Y  =  37.7-f0.37X 

Y  =  30.4-F0.48X 
Y=44.6-|-0.14X 
Y=26.5-F0.59X 

4.0 

4.0 
3.4 
4.4 
4.3 

.  55 

.  41* 

.  64 

.  15   N.S. 

.  50 

16  years  and  older — Continued 

0 
0 

1 

5 

2 

44.6 

44.  0-59.  4 
37.  7,  38.  5 

'  For  Literature  references,  see  section  XI. 

'  Significant  at  the  1-percent  level  unless  otherwise  indi- 


cated:   *  =  significant  at  the  5-percent  level;  N.S.  =  not  sig- 
nificant. 
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Figure  14. — Michigan  axd  Illinois  boys  and  girls  within  the  Normal  weight-for-height  classification  :     Rela- 
tionship of  basal  Iieat  production  (Cal./hr.)  to  weight. 

Individual  data  for  the  age  intervals  as  indicated  are  shown  and.  when  sufficient  data  are  available,  also  the 
regression  lines  for  each  age  interval.  Data  for  Michigan  children,  from  Hoobler  (n.p. )  and  for  Illinois  children, 
from  Morse  ( n.p. ) . 


Age  to  Puberty  age  interval  is  shown  by  the 
steeper  regression  lines  for  the  Preschool  age 
interval  (figures  12  and  15).  The  increase  in 
heat  production  per  unit  increase  in  Aveight  is,  on 
the  average,  greater  tlian  unity  for  the  Preschool 
age  interval  and  less  tlian  unity  for  the  corre- 
sponding School  Age  to  Puberty  age  interval. 

That  heat  production  is  lower  for  boys  and 
girls  after  puberty  is  shown  by  the  decidedly 
lower  elevation  of  the  regression  lines  for  the 
Postpubertal  age  interval  as  compared  Avith  the 
regression  lines  for  the  School  Age  to  Puberty  age 
interval.  However,  the  regression  lines  for  the 
Postpubertal  age  interval  are  not  so  low  in  ele- 
vation as  the  regression  lines  for  girls  16  years 
and  older  (shown  in  figures  16  ancl  17).  There- 
fore, for  a  given  weight,  heat  production  is  lower 
in  boys  and  girls  after  than  before  puberty  and 
is  still  lower  after  maturity  is  reached. 
_  In  addition  to  this  lower  level  of  heat  produc- 
tion after  puberty,  there  is  also  a  change  in  the 
metabolic   rate    (change  in  heat   production  per 


unit  change  in  weight)  as  indicated  by  a  change 
in  slope — the  regression  lines  for  the  Postpuber- 
tal age  interval  tend  to  be  somewhat  flatter  than 
those  for  either  the  younger  or  older  age  inter- 
vals. This  conclusion  substantiates  the  statement 
presented  in  section  V,  that  the  metabolism  dur- 
ing the  Postpubertal  age  interval  reflects  the 
physiological  adjustment  necessarj'  to  change 
from  the  higher  metabolic  rate  of  a  growing  child 
to  the  lower  metabolic  rate  of  an  adult.  It  also 
was  noted  in  section  V,  that  heat  production  was 
usually  more  variable  after  than  before  puberty; 
this  Avas  reflected  by  the  larger  standard  errors 
of  estimate  obtained  for  the  Postpubertal  age 
intervals  and  by  the  Avide  range  in  slopes  of  the 
regression  lines  for  the  A-arious  locations. 

Figure  18  shoAvs  scatter  diagrams  and  the  re- 
gression lines  derived  for  Slender  children  from 
tAvo  locations.  Statistical  measures  for  these  lo- 
cations and  for  the  other  locations  having  suffi- 
cient data  on  Slender  children  for  analysis  also 
are  cfiven  in  tables  6  and  7.    The  regression  lines 
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Figure  15. — Texas  and  Colorado  boys  a?."d  girls  withix  the  Normal  weight-for-height  classification  :     Relation- 
ship of  basal  heat  production  (Cal./hr.)  to  weight. 

Individual  data  for  the  age  intervals  as  indicated  are  shown  along  with  the  regression  lines  for  each.     Data  for 
Texas  children,  from  Lamb  (n.p. )  and  for  Colorado  children,  from  Lewis,  Kinsman,  and  Ilift  (1937)  and  Duval  (1942). 


are  slightly  steeper  for  the  Slender  girls  but  less 
steep  for  the  Slender  boys  than  are  the  corre- 
sponding regression  lines  derived  for  children 
within  the  Normal  ^Yeight-for-height  classifica- 
tions. This  difference  between  the  slopes  causes 
the  regression  lines  for  Slender  children  to  cross 
those  for  children  within  the  Normal  weight-for- 
height  classification. 

To  determine  Avhether  the  differences  in  slope 
and  elevation  of  the  regression  lines  for  the  Nor- 
mal and  Slender  weight-for-height  classifications 
were  statistically  significant,  analysis  of  covari- 
ance  was  used  (Snedecor,  1956).  Table  8  briefly 
sinnmarizes  the  results  of  these  tests  on  the  Pre- 
school and  School  Age  to  Puberty  age  intervals. 
Measurements  on  Slender  children  from  any  one 
location  within  the  Postpubertal  age  interval 
were  not  considered  adequate  for  analysis. 

Although  the  tests  indicated  that  for  three  of 


the  nine  pairs  there  was  a  significant  difference 
between  the  slopes  of  the  regression  lines,  these 
differences  are  attributed  to  some  factor  other 
than  to  a  real  difference.  This  interpretation 
arises  from  the  fact  that  for  the  School  Age  to 
Puberty  age  interval,  the  difference  was  signifi- 
cant for  one  sex  from  one  location  and  for  the 
opposite  sex  from  a  different  location.  Further- 
more, the  regression  line  for  the  Slender  girls  had 
the  steeper  slope,  whereas  the  regression  line  for 
the  boys  within  the  Normal  weight-for-height 
classification  was  the  steeper.  The  differences  in 
elevation  of  the  regression  lines  for  Normal  and 
Slender  girls  were  not  significant  except  from 
data  for  girls  reported  by  Topper  and  Mulier. 

Since  the  conclusion  from  the  data  presented 
herein  is  that  heat  production  per  unit  of  weight 
is  the  same  (at  least  the  difference  is  not  statisti- 
cally significant)  for  children  within  the  Slender 
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CALIFORNIA 


WASHINGTON 


75 


70- 


GIRLS 


Y-I9.7  +  0.86X 


Y  =  29,4  +  0.53X 


GIRLS 


.y '  ' 


Y  =  42.5*0.I8X 


4  4 


BOYS 


Y=I8.8*0.89X 


AGE     INTERVAL 
o      School  Age  to  Puberty 

*     Postpubertal 

Boys;l8y'-  8  older 
Girls.  16  yr.  Solder 


25   30   35   40   45   50   55   60   65   70    30   35   40   45   50   55   60   65   70   75   80 

WEIGHT,    kg.(X) 

Figure  16. — California  and  Washington  boys  and  girls  within  the  Normal  weight-for-height  classification  : 

Relatiousliip  of  basal  heat  production  (Cal./lir.)  to  weight. 

Individual  data  for  the  age  intervals  as  indicated  are  shown  and,  when  sufficient  data  are  available,  also  the 
regression  lines  for  each  age  interval.  Data  for  Califoi-nia  children,  from  Eichorn  (n.p.)  and  for  Washington  children, 
from  Esselbaugh  (n.p.). 


and  Normal  Aveiofht-fGr-lieiglit  classifications 
within  a  given  location,  the  data  have  been  com- 
bined. The  equations  ( and  other  statistical  meas- 
ures) deriA^ed  from  this  combination  are  given  in 
tables  6  and  7,  and  are  the  equations  used  in  sec- 
tion IX  for  integration;  however,  for  simplicity 
these  equations  are  referred  to  as  the  equations 
derived  from  data  for  children  within  the  Normal 
weight-for-height  classification. 

FOR  STOCKY  AND  OVERWEIGHT 
CHILDREN 

Figures  19  and  20  present  scatter  diagrams  and 
regression  lines  derived  for  boys  and  girls  within 
the  School  Age  to  Puberty  age  intervals  having 
Stocky  and  Overweight  weight-for-height  classi- 
fications.    For   additional   data   for   Overweiirht 


children  see  figure  23.     The  statistical  measures 
comj^uted  are  given  in  tables  9  and  10. 

When  the  regression  lines  derived  for  the 
three  weight-for-height  classifications  —  Xormal, 
Stocky,  and  Overweight  —  within  a  given  loca- 
tion are  compared,  the  lines  for  the  Stocky  and 
the  Overweight  boys  and  girls  are  usuallj'  at  a 
decidely  loAver  elevation  than  those  for  boys  and 
girls  in  the  Xormal  classification.  Hence,  for  a 
given  weight,  Stocky  and  Overweight  boys  and 
girls  have  a  lower  heat  production  than  children 
in  the  Xormal  weight-for-height  classification. 
However,  it  is  debatable  whether  the  metabolic 
rate  (increase  in  heat  production  per  unit  increase 
m  weight)  is  different  for  all  weight-for-height 
classification  within  a  given  age  interval,  since  for 
some  locations  the  slopes  of  the  regression  lines 
for  the  Stocky  and  the  Overweight  are  flatter,  in 
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AGE    INTERVAL 

o      School  Age  to  Puberty 

«      Postpubertol 

•      Girls;  I6yr.  S  older 


Y  =  I6.7  +  0.83X 
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Y  =  23.4*0.73X 
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25        30        35        40       45        50       55        60       65  30       35        40       45        50       55        60       65        70        75 

WEIGHT,   kg.  (X) 

Figure  17. — Ohio,  Arizona,  Kansas,  and  Massachusetts  girls  within  the  Normal  weight-for-height  classifica- 
tion :  Relationship  of  basal  heat  production  (Cal./hr. )  to  weight. 

Individual  data  for  the  age  intervals  as  indicated  are  shown  along  with  the  regression  lines  for  each.  Data  for 
Ohio,  from  McKay  (1930)  ;  for  Arizona,  from  Thompson  (n.p.)  ;  for  Kansas,  from  Harrison  (n.p.)  ;  and  for  iMassa- 
chusetts,  from  Talbot,  Wilson,  and  Worcester  ( 1937 ) . 

Table  8. — Boys  and  girls  within  the  Normal  and  slender  weight-for-height  classifications:  Summary  '  0/ 
results  obtained  from  covariance  analysis  for  comparison  of  the  regression  of  heat  production  on  weight 


- 

1             1 

I'll 
KANSAS 

1           1 

• 

0                  Q 

^ 

y 

Y  =  23.5 
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0 
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Q 
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/o 
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0 

• 
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8 
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i              1              !              1 

MASSACHUSETTS 

/             10  69.2  Col. 

"   Y  =  5.90+I.29X 

0 

/ 

~ 

\ 

/ 

* 

°  V 

0 

0             * 

^*               Y-32.9  +  0.53X 

/ 

. 

~ 

/  0 

0 

0 

*       A 

/    ° 

- 

0 

1                          1                                                  1 

Location 

Investigator  (s)  2 

Sex 

Test  for 
difference 
in  slope  ' 

Test  for 

difference 

in  elevation  3 

Lewis  et  al.  (1937) ;  Duval  (1942) 

Preschool 

Colorado 

Boys 

Girls 

N.S. 
(*) 

N.S. 

Topper  and  Mulier  (1929b,  1932) 

Wang    (1934,    1939);    Wang    et    al.    (1926, 

1936). 
Morse  (n.p.) 

Lewis  et  al.  (1937);  Duval  (1942) 

Eichorn  (n.p.) 

N.S. 

School  Age  to  Puberty 

New  York  City                  _    . 

Girls 

Girls 

N.S. 
N.S. 

N.S. 
N.S. 
(**) 
(**) 
N.S. 

(**) 

Illinois  and  Ohio 

N.S. 

Illinois      

Boys 

Boys 

Girls 

Boys 

Girls 

N.S. 

Colorado 

N.S. 

California 

N.S. 

N.S. 

N.S. 

'  See  tables  21  and  22  (appendix)  for  numerical  values.  ^  N.S.  =  not  significant;  *  =  significant  at  the  5-percent 

2  For  Literature  References,  see  section  XL  level;  **  =  significant  at  the  1-percent  level. 
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Table  9. — Stocky  and  Overaveight  boys:     Regression  equations,^  standard  errors  of  estimate, 


Location 


Investigator  (s)  ^ 


Stocky 


Num- 
ber of 
measure- 
ments 


Weight 
range,  kg. 


Regression  equation 
Y=Cal./hr. 
X= weight,  kg. 


Standard 
error  of 
estimate 


Correlation 
coefBcient ' 


Northeast  Region: 
New  York  City. 

Do-,---:. 


New  York 

Do 

New  York  City, 


North  Central  Region: 
Illinois 


Western  Region: 
Colorado 


California. 


Northeast  Region: 

New  York 

Do 


Western  Region: 

Washington 

California 


Arizona. 


Tavlor  (n.p.) 

TopperandMulier  (1929a, 
1929b,  1932). 

Davenport  et  ah  (1939) 

Webster  et  al.  (1941) 

Bruch  (1939a,  1939b,  1942). 


Morse  (n.p.). 


Lewis  et  al.   (1937);  Duval 

(1942). 
Eichorn  (n.p.) 


Davenport  et  al.  (1939). 
Webster  et  al.  (1941). __ 


Esselbaugh  (n.p.)... 
Eichorn  (n.p.) 


Thompson  (n.p.) 


34 
9 

42 

12 

1 


10 

41 
51 


12 
10 


18 
21 


16 


School  Age  to  Puberty 


23.  3-59.  6 
25.  0-63.  0 

30.  1-64.  0 
41.  1-64.  9 
29.  1 


40.  9-62.  8 

24.  3-64.  0 
28.  6-67.  0 


Y=18.5  +  0.93X 


Y  =  20.5  +  0.80X 
Y=13.6  +  0.91X 


Y  =  24.4  +  0.76X 

Y  =  26.0  +  0.78X 


4.  5 


4.  1 

4.  4 


2.  9 
5.  8 


Postpubertal  to  18  years 


45. 

6- 

-6L 

3 

54. 

7- 

-70. 

1 

56. 

7- 

-82. 

7 

53. 

0- 

-76. 

3 

Y  =  21.3  +  0.67X 


Y=35.3  +  0.53X 
Y  =  28.1-h0.69X 


5.5 


4.  1 

5.  4 


18  vears  and  older 


64.  6-85.  7 


Y  =  45.9  +  0.39X 


3.  4 


0.  85 


84 
83 


92 
70 


0.  54  N.S. 


.75 


0.  60=* 


'  Equations  ^'ere  not  derived  for  locations  having  less  than  12  measurements  and  a  weight  range  of  less  than  15  kg. 
within  a  given  weight-for-height  classification. 
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and  correlation  coefficients  for  the  linear  relationship  between  heat  production  and  weight 


Overweight 

Stocky  and  overweight  combined 

Num- 
ber of 
measure- 
ments 

Weight 
range,  kg. 

Reeression  equation 

Y  =  Cal./hr. 
X  =  weight,  kg. 

Standard 
error  of 
estimate 

Correlation 
coefficient  3 

Num- 
ber of 
measure- 
ments 

Regression  equation 

Y  =  Cal./hr. 
X  =  weight,  kg. 

Standard 
error  of 
estimate 

Correlation 
coefficient' 

School  Age  to  Puberty — Continued 

15 

22 

2 
10 
13 

4 

7 
16 

35.  3-58.  1 
31.  0-69.  0 

53.  3,  59.  7 
45.  0-68.  5 
30.  8-62.  7 

50.  9-58.  2 

30.  8-64.  2 
39.  4-74.  4 

Y=14.6  +  0.95X 
Y  =  7.8  +  0.96X 

4.  1 
3.  9 

0.  79 
.  94 

49 
31 

44 
22 

14 

14 

48 
67 

Y  =  20.6  +  0.86X 
Y=16.6  +  0.81X 

Y  =  21.1  +  0.78X 
Y=18.6  +  0.79X 

Y  =  31.9-|-0.52X 

Y=33.8-f0.62X 

Y  =  25.4  +  0.74X 

Y  =  27.7  +  0.75X 

4.  5 
4.  4 

4.  0 
3.8 
6.  6 

5.  7 

2.  8 
5.9 

0.  82 
.  91 

.  85 

.  88 

Y  =  33.3  +  0.49X 

6.  8 

.  54   N.S. 

.  60* 
.  61* 

.  93 

Y  =  36.2+0.61X 

6.  3 

.69 

.  72 

Postpubertal  to  18  years — Continued 

0 

4 

8 

7 

62.  6-70.  9 

61.  4-91.  1 

62.  8-78.  1 

14 

26 

28 

Y=15.8  +  0.89X 

Y  =  42.2  +  0.42X 

Y  =  35.0+0.58X 

6.  2 

4.  1 
5.2 

0.  63* 

.  71 

.  67 

18  years  ond  older — Continued 

5 

61.  8-79.  9 

21 

Y  =  22.2+0.69X 

5.5 

0.  64 

2  For  Literature  References,  see  section  XI. 

'  Significant  at  the  1-percent  level  unless  otherwise  indicated:  *  =  significant  at  the  5-percent  level;  N.S.  =  not  significant. 
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Table  10. — Stocky  and  Overaveight  girls:  Regression  equations,^  standard  errors  of 


Location 


Investigator (s)  ^ 


Stockv 


Number 
of  meas- 
urements 


Weight 
range,  kg. 


Regression  equation 
Y  =  Cal./hr. 
X  =  weight,  kg. 


Standard 

error  of 

estimate 


Correlation 
coefficient  ' 


Northeast  Region: 

New  York  Citv__ 
Do 

New  York 

New  York  Citv-- 

North  Central  Region 
Kansas 

Western  Region: 

Colorado 

California 

Northeast  Region: 

New  York  Citv__ 
Do -"--. 

New  York 

North  Central  Region 

Ohio 

Michigan 

Kansas 

Western  Region: 

Arizona 

Washington 

California 

Northeast  Region: 

New  York 

North  Central  Region 

Ohio 

Michigan 

Western  Region: 

Arizona 

California 


Tavlor  (n.p.) 

ToiDperand  Mulier  (1929a, 

1932). 
Davenport  et  al.  (1939)__. 
Bruch(1939a, 1939b, 1942) 


Harrison  (n.p.). 


Lewis  e/ a?.  (1937);  Duval 

(1942). 
Eichorn  (n.p.) 


Tavlor  (n.p.) 

Topper  and  Mulier  (1929a 

1932). 
Davenport  et  al.  (1939)-_ 

McKay  (1930) 

Hoobler  (n.p.) 

Harrison  (n.p.) 

Thompson  (n.p.) 

Esselbaugh  (n.p.) 

Eichorn  (n.p.) 


Davenport  et  al.  (1939). 


McKay  (1930). 
Hoobler  (n.p.) . 


Thompson  (n.p.) . 
Eichorn  (n.p.) 


45 
10 

26 
2 


10 

27 
34 


11 
50 
10 


29 
25 
37 


10 


22 
20 


63 

21 


School  Age  to  Puberty 


25. 
38. 

2- 
0- 

-57. 
-50. 

4 
0 

28. 
24. 

1- 
1, 

-50. 

41. 

9 
0 

37. 

5- 

-46. 

5 

19. 

5- 

-44. 

7 

30. 

9- 

-62. 

8 

Y  =  26.9  +  0.66X 
Y=18.3-(-0.76X 


Y  =  22.1-|-0.74X 

Y  =  23.4  +  0.73X 


Postpubertal  to  16  years 


37. 

5- 

-63. 

4 

42. 

0- 

-49. 

5 

37. 

5- 

-60. 

0 

44. 

2- 

-59. 

0 

42. 

2~ 

-72. 

1 

52. 

4- 

-69. 

2 

45. 

6- 

-68. 

8 

44. 

8- 

-68. 

0 

43. 

8- 

-61. 

4 

Y  = 


-3.04-M.14X 


Y  =  39.7-h0.38X 


Y=  36.8-1- 0.34X 
Y=27.6+0.48X 
Y=25.6-f  0.56X 


16  years  and  older 


44.  1-56.  1 


45.  7-72.  1 

46.  0-64.  3 


44.  7-72.  3 
46.  0-66.  3 


Y  =  27.2-F0.52X 
Y=16.4-H0.76X 


Y=36.5-h0.26X 
Y=16.1-h0.70X 


3.9 


3.  5 


3.  2 
3.  7 


0.  74 


80 


.  74 

.  84 


6.  2 


i.  1 


5.  7 

6.  0 
4.  1 


0.  73 


44 


36  N.S. 
38  N.S. 
55 


3.  7 

4.  0 


4.  6 
3.  9 


0.  65 
.  68 


.  29* 

.  77 


'  Equations  were  not  derived  for  locations  having  less  than  12  measurements  and  a  weight  range  of  less  than  15  kg 
within  a  given  weight-for-height  classification. 
2  For  Literature  References,  see  section  XL 


estimate,  and  correlation  coefficients  for  the  linear  relationship  between  heat  production  and  weight 


Overweight 

Stocky  and  overweig 

it  combined 

Number 
of  meas- 
urements 

Weight 
range,  kg. 

Regression  equation 
Y=Cal./hr. 
X  =  weight,  kg. 

Standard 

error  of 

estimate 

Correlation 
coefficient  ^ 

Number 
of  meas- 
urements 

Regression  equation 
Y=Cal./hr. 
X  =  weight,  kg. 

Standard 

error  of 

estimate 

Correlation 
coefficient  ' 

School  Age  to  Puberty — Continued 

36 
21 

33.  4-58.  2 
26.  0-53.  0 

Y=23.5+0.70X 
Y=9.1+0.92X 

4.3 
4.  8 

0.  74 
.85 

81 
31 

Y=27.6  +  0.63X 
Y=12.9  +  0.93X 

4.  1 

7.7 

0.75 
.  66 

12 
12 

28.  1-54.  8 
28.  1-54.  5 

Y=9.2  +  0.91X 
Y  =  20.2  +  0.77X 

3.  5 
4.2 

.91 

.  85 

38 
14 

Y=17.6  +  0.76X 
Y=18.3-h0.81X 

3.7 
3.9 

.83 
.88 

3 

48.  9-67.  8 

13 

Y  =  25.2  +  0  70X 

4  6 

77 

16 

34.  1-59.  6 

Y  =  35.6  +  0.42X 

1.8 

.85 

43 

Y=28.5  +  0.56X 

2.  9 

.85 

27 

42.  3-63.  6 

Y  =  27.6  +  0.65X 

3.6 

.80 

61 

Y  =  24.5  4- 0.71  X 

3.6 

.85 

Postpubertal  to  16  years — Continued 

8 
15 

51.  0-62.  1 
43.  0-70.  0 

15 
24 

Y=23.2  +  0.61X 
Y=39.5  +  0.36X 

3.8 
3.4 

0  74 

Y=33.4+0.45X 

3.  5 

0.66 

.  64 

14 

41.  5-57.  4 

Y=21.5  +  0.59X 

4.8 

.55* 

32 

Y=8.74  +  0.87X 

5.  8 

.  64 

4 

23 

6 

57.  4-70.  0 
52.  8-72.  9 
47.  7-67.  6 

15 
73 
16 

Y  =  21.5-F-0.64X 
Y=38.5  +  0.40X 

Y  =  42.7-i-0.30X 

2.8 
3.7 
5.  6 

.  81 

Y  =  32.6  +  0.50X 

2.9 

.58 

.47 

.  31  N.S. 

12 

27 
57 

51.  0-64.  1 
50.  3-67.  7 
46.  6-72.  0 

41 
52 
94 

Y  =  29.8  +  0.48X 
Y=31.9  +  0.38X 
Y=32.9  +  0.42X 

5.9 
5.2 

4.8 

44 

Y  =  24.8-f0.49X 
Y=36.7  +  0.36X 

4.3 
5.2 

.50 
.  37 

.38 

.48 

16  years  and  older — Continued 

16 

44.  0-62.  4 

Y=5.7-f0.86X 

3.2 

0.86 

26 

Y=13.9-f0.73X 

4.  8 

0.62 

18 

27 

53.  2-73.  9 

54.  4-66.  2 

Y=19.0-h0.67X 
Y  =  26.2-f-0.56X 

4.  1 
3.0 

.67 
.49 

40 

47 

Y  =  23.6-f0.59X 
Y=26.74-0.56X 

3.8 
3.5 

.71 
.59 

40 
26 

47.  2-73.  5 
47.  9-73.  1 

Y=29.8  +  0.37X 
Y=19.1  +  0.64X 

4.  4 
4.0 

.46 
.76 

103 

47 

Y=33.3  +  0.31X 
Y=18.4-f0.65X 

4.  5 
3.8 

.39 

.77 

Significant  at  the  1-percent  level  unless  otherwise  indicated:  *  =  significant  at  the  5-percent  level;  N.S.  =  not  significant. 
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COLORADO 


CALIFORNIA 


55        60       65 


Figure  18. — Colorado  and  California  boys  and  girls  within  the  Slender  weight-for-height  classification  :     Re- 
lationship of  basal  heat  production  (Cal./hr.)  to  weight. 

Individual  data  for  the  age  intervals  as  indicated  are  shown  and,  when  sufficient  data  are  available,  also  the 
regression  lines  for  each  age  interval.  The  regression  lines  (light  lines)  for  children  within  the  Normal  weight-for- 
height  classification  are  shown  for  comparative  purposes.  Data  for  Colorado  children,  from  Lewis,  Kinsman,  and 
Iliff  (1937)  and  Duval  (1942)  ;  for  California  children,  from  Eichorn  (n.p.). 


others  parallel,  and  in  a  few  locations,  are  steeper 
than  the  regression  lines  for  children  within  the 
Normal  classifications. 

Analysis  of  covariance  (Snedecor,  1956)  Avas 
used  to  determine  whether  the  diilerences  in  slope 
and  elevation  of  the  regression  lines  for  the  dif- 
ferent weight-for-height  classifications  were  sig- 
nificant. The  results,  sitmmarized  in  table  11, 
indicated  that  the  slopes  of  the  regression  lines 
for  children  within  the  Normal  and  Stocky 
weight-for-height  classifications  and  School  Age 


to  Puberty  age  intervals  were  similar,  but  that 
in  five  of  eight  jDairs  there  were  significant  dif- 
ferences in  elevation.  Although  the  difference 
was  not  statistically  significant  for  two  pairs 
(Taylor,  girls;  and  Colorado  boys),  the  elevation 
of  the  regression  lines  for  the  Stocky  children 
was  at  a  decidedly  lower  level  than  the  corre- 
sponding regression  line  for  children  in  the  Nor- 
mal weight-for-height  classification  (see  figures 
19  and  20).  In  another  pair  (Taylor,  boj^s)  the 
steeper  slope  of  the  regression  line  for  the  Stocky 
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NEW  YORK  CITY  (Taylor) 


NEW  YORK  (Davenport) 


FiGL'RE  19. — New  York  boys  and  girls  within  the  Stocky  and  Overweight  weight-for-height  classifications  and 
School  Age  to  Puberty  age  interval:     Relationship  of  basal  heat  production  (Cal./hr.)  to  weight. 

Individual  data  are  shown  and.  when  sufficient  data  are  available,  also  the  regression  lines  for  each  classification. 
The  regression  lines  (light  lines)  for  children  within  the  Normal  weight-for-height  classification  are  shown  for 
comparative  purposes.     Data  from  Taylor  (n.p. )  and  Davenport.  Renfroe.  and  Hallock   (1939). 


children  caused  the  regression  lines  to  cross  and, 
therefore,  nullified  any  difference  in  elevation 
between  the  two. 

In  comparing  the  regression  lines  for  the  Nor- 
mal and  Overweight  classifications,  the  differences 
in  slojDes  were  statistically  significant  for  three 
of  the  eight  pairs  of  boys  and  girls  within  the 
School  Age  to  Puberty  age  interval.  From  an 
examination  of  the  scatter  diagrams  (figure  20), 
it  is  considered  that  the  significant  differences 
obtained  from  16  measurements  on  4  Colorado 
girls  and  16  measurements  on  6  California  boys 
cannot  be  attributed  to  real  differences  and 
should  be  discounted,  because  the  flatter  regres- 
sion lines  derived  for  these  small  groups  on  a 
few  Overweight  children  were  apparentl}'  due  to 
high  heat -production  values  at  the  lower  end  of 
tlie  weight  range.     These  high  values  were  ob- 


tained on  children  (for  the  Colorado  girls,  the  i 
high  measurements  between  34  and  44  kilograms 
were  on  the  same  girl)  who  were  adding  weight 
out-of-proportion  to  their  height ;  that  is,  they 
had  either  changed  their  weight-for-height  classi- 
fication from  Stocky  to  Overweight  or  had  be- 
come increasingly  more  overweight  between  meas- 
urements taken  at  3-  or  6-month  age  intervals. 

Although  the  slopes  were  not  significantly  dif- 
ferent statistically,  some  of  the  high  heat -produc- 
tion values  noted  for  the  California  girls  (figure 
20)  can  be  similarly  explained;  that  is,  the  girls 
were  in  the  process  of  changing  their  weight-to- 
height  relationships.  From  this  examination  of 
aberrant  values  for  Overweight  children,  it  is 
postulated  that  heat  production  may  be  greater 
for  a  child  in  the  process  of  adding  fatty  tissue 
(changing  the  relationship  between  weight  and 
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COLORADO 


CALIFORNIA 


60  30       35 

WEIGHT,   kg.(X) 

Figure  20. — Colorado  and  California  boys  and  girls  within  the  Stocky  and  Overweight  weight-for-height 
CLASSIFICATIONS  AND  SCHOOL  Age  TO  PuBERTY  AGE  INTERVAL:  Relationship  of  basal  heat  production  (Cal./hr. ) 
to  weight. 

Individual  data  are-  shown  and,  when  sufficient  data  are  available,  also  the  regression  lines  for  each  classification. 
The  regression  lines  (light  lines)  for  children  within  the  Normal  weight-for-height  classifieation  are  shown  for  com- 
parative purposes.  Data  for  Colorado  children,  from  Lewis,  Kinsman,  and  Iliff  (1937)  and  Duval  (1942)  ;  for  California 
children,  from  Eichorn  (n.p. ). 


height)  than  for  a  child  who  has  been  Over- 
weight (maintaining  the  same  rehitionship  be- 
tween weight  and  lieight)  over  a  period  of  time. 
The  differences  in  elevation  of  the  regression 
lines  for  Normal  and  Overweight  weight-for- 
height  classifications  were  statistically  significant 
for  six  of  the  eight  pairs  of  children  within  the 
School  Age  to  Puberty  age  interval.  The  two 
pairs  (California  boys  and  girls)  in  which  the 
differences  in  elevation  were  not  significant 
should  be  discounted,  since  the  difference  in  their 
slopes  apparently  nullified  any  difference  in  ele- 
vation and  since  the  regression  lines  at  the  upper 
end  of  the  Aveight  range  were  decidedly  lower  for 
Overweight  boys  and  girls  than  the  respective 
regression  lines  for  boys  or  girls  Avithin  the  Nor- 
mal weiffht-for-heiffht  classification. 


The  differences  between  the  slopes  of  the  re- 
gression line  for  the  Stocky  and  Overweight  chil- 
dren within  the  School  Age  to  Puberty  age  in- 
terval wei'e  not  statistically  significant  Avith  one 
exception — Colorado  girls.  This  exception  should 
be  discounted  since,  as  preA'iously  explained,  the 
loAv  slope  of  the  regression  line  is  believed  to  be 
caused  by  four  high  heat-production  values  ob- 
tained on  one  girl.  The  differences  in  elevation 
betAveen  the  regression  lines  for  Stocky  and  Over- 
weight children  Avere  significant  at  the  .5-percent 
level  for  Iavo  of  the  six  pairs.  Because  of  the 
limited  number  of  measurements  (12  and  15) 
aA^ailable  for  deriving  the  equations  for  the  Over- 
AA-eight  girls  reported  by  DaA^enport  et  al.  (1939) 
and  the  Overweight  boys  reported  by  Taylor 
(n.p.)   and  also  because  in  tAvo  pairs  the  differ- 
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eiice  betfreen  the  elevations  was  less  than  the 
variation  attributed  to  experimental  error  (varia- 
tion about  Common  regression  line,  see  appendix 
A,  table  22),  it  is  concluded  that  these  differences 
must  have  been  due  to  sampling  variation. 

The  slopes  of  the  regression  lines  for  girls 
within  the  Postpubertal  age  interval  and  for 
girls  16  years  and  older  (data  for  Postpubertal 
and  older  boys  were  insufficient  for  analysis) 
were  not  significantly  different  for  any  compari- 
son between  weight-for-height  classifications  with 
one  exception,  which  was  significant  at  the  5- 
percent  level  {see  table  11  and  figures  21  and  22). 
This  finding  is  in  agreement  with  the  results  from 
similar  tests  on  the  School  Age  to  Puberty  age 
interval. 

For  the  Postpubertal  and  older  girls,  the  dif- 
ferences in  elevation  between  the  regression  lines 
for  the  Stocky  and  the  Overweight  girls  were  not 
significant  for  any  pair.  Significant  differences 
in  elevation  were  found  between  several  of  the 
pairs  of  Xormal  and  Overweight  girls  and  Nor- 
mal and  Stocky  girls,  but  not  as  many  as  might 
l^e  expected  from  the  results  of  similar  tests  on 
girls  in  the  School  Age  to  Puberty  age  interval. 
HoweA^er,  the  elevation  of  the  regression  lines  for 
these  Stocky  and  Overweight  girls  within  the 
Postpubertal  and  older  age  intervals  (shown  in 
figures  21  and  22)  were  lower  than  the  corre- 
sponding regression  lines  for  the  Normal  girls, 


although  the  differences  were  not  statistically 
significant,  probably  due  to  the  greater  variation 
in  heat  production. 

Tlie  conclusion  from  the  data  presented  herein 
for  the  Stoclvy  and  the  Overweight  boys  and 
girls  within  a  given  location  is  tliaf  heat  pi'oduc- 
tion  per  unit  of  weight  is  the  same  (at  least  the 
difference  is  not  statistically  significant).  There- 
fore, regression  equations  were  derived  from  the 
combined  data  {see  tables  9  and  10)  and  are  the 
equations  used  for  integration  in  section  IX. 
For  simplicity,  these  equations  are  referred  to  as 
the  equations  derived  from  data  for  children 
with  the  Overweight  weight-for-height  classifi- 
cation. Statistical  tests  indicated  that,  within  a 
given  location,  the  slopes  of  the  regression  lines 
for  the  Stocky  and  the  Overweight  children  were 
similar  to  those  for  children  within  the  Normal 
weight-for-height  classification  but  that  the  eleva- 
tio7i  of  the  regression  lines  for  the  Stocky  and 
the  Overweight  children  were  significantly  lower 
than  the  regression  lines  for  children  Avithin  the 
Normal    weight-for-height    classification. 

FOR  UNDERWEIGHT  AND  OBESE 
CHILDREN 

The  group  of  Colorado  girls  (Lewis  et  al..  1937, 
Duval,  1942)  was  the  only  one  having  sufficient 
measurements  on  Underweight  children  (22  meas- 
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Figure    21. — Postpubertal    to    16-year-old    girls:     Regression    lines    showing    the    relationship   between    basal   heat 
production  (Cal./hr.)  and  weight  for  girls  in  different  weight-for-height  classifications. 

Data  for  Michigan,  from  Hoobler  (n.p.)  :  for  Xew  York  City,  from  Topper  and  Mulier   (1929a,  1929b,  1932)  ;  for 
California,  from  Eichorn   (n.p.)  ;  for  New  Yorlv,  from  Davenport,  Renfroe,  and  Hallock  (1939). 
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Figure  22. — Girls    16   years  axd  older:     Regression  lines  showing  the  relationship  between  basal  heat  productioia 
(Cal./hr.)  and  weight  for  girls  in  different  weight-for-height  classirteations. 

Data  for  Arizona,  from  Thompson  (n.p. )  ;  for  Michigan,  from  Hoobler  (n.p. )  ;  for  California,  from  Eichorn  (n.p.)  ; 
for  Ohio,  from  McKay  (1930J. 


urements  on  3  girls)  and  a  Aveiglit  range  (13.8  to 
35.9  kilograms)  wide  enough  to  derive  an  equa- 
tion {!iee  table  5).    The  results  were  as  follows: 

Heat  production  (Cal./hr.)  = 

24.2  +0.68  (weights,  kg.),  the  correlation  co- 
efficient, 0.96 ;  and  standard  error  of  estimate, 
1.2  Calories. 

The  measurements  on  O'bese  children  for  any 
given  location  were  few  {see  table  5)  ;  only  two 
investigators  reported  data  considered  adequate 
for  statistical  analysis  for  both  boys  and  girls 
within  the  School  Age  to  Puberty  age  interval 
{see  figure  23)  and  only  one  investigator 
(Eichorn,  n.p.)  reported  sufficient  measurements 
on  Postpubertal  girls   {see  lower  left  section  of 


figure  21).     Statistical  measures  for  the   Obese 
children  are  given  in  table  12. 

Figure  23  shows  that  the  regression  lines  fitted 
to  the  data  from  Topper  and  Mulier  (1929  a, 
1932)  for  the  Obese  boys  and  girls  are  at  a  lower 
elevation  and  the  slopes  are  somewhat  flatter 
than  the  lines  for  the  Overweight  boys  and  girls, 
whereas  the  regression  lines  fitted  to  the  data 
from  Bruch  (1939  a,  1939  b,  1942)  for  the  Over- 
weight and  the  Obese  boys  and  girls  are  similar. 
Hence,  further  analj'Sis  of  these  data  on  the 
Obese  children  would  be  meaningless.  The  data 
indicate  that  the  basal  heat  production  per  unit 
of  weight  for  the  Obese  children  approximates 
but  may  possibly  be  slightly  lower  than  that  for 
the  Overweight  children. 
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NEW  YORK   CITY    (Topper  8  Mulier) 


NEW  YORK    CITY     (Bruch) 
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Figure  23. — New  York  City  boys  and  girls  withix  the  Overweight  and  Obese  weight-for-height  classifications 
AND   School  Age  to  Puberty  age  interval:     Relationship  of  basal  heat  production    (Cal./hr.)    to  weight. 

Individual  data  along  with  the  regression  lines  are  shown  for  Overweight  and  Obese  children ;  the  regression  lines 
(light  lines)  for  children  within  the  Normal  weight-for-height  classification  are  shown  for  comparative  purposes 
for  the  data  from  Topper  and  Mulier  (1929a,  1929b,  1932).  The  data  from  Bruch  (1939a,  1939b,  1942)  did  not  include 
children  in  the  Normal  weight-for-height  classification. 
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Table  12. — Obese  boys  and  girls:  Regression  equations,^  standard  errors  of  estimate,  and  correlation 
coefficients  for  the  linear  relationship  between  heat  production  and  weight 


Location 


Investigator(s)  - 


Sex 


Number  of 
measure- 
ments 


Weight 
ran.Te,  kg 


Re'iression   equation 
Y  =  Cal./hr. 
X  =  weij;lit,  ka;. 


Standard 
error  of 
estimate 


Correlation 
coefficient  ^ 


School  Age  to  Puberty 


New  York  City. 
Do 


California. 


Topper  and  Mulier 
(1929a,  1932). 

Bruch  (1939a,  1939b, 
1942). 


Eichorn  (n.p.). 


Boys- 
Girls- 
Bovs- 
Girls_ 

23 
24 
18 
16 

33.  0-73.  0 
36.  0-79.  0 
33.  8-72.  1 
36.  7-52.  4 

Y=19.  6  +  0.  58X 
Y=14.  8  +  0.  69X 

Y  =  20.  4  +  0.  75X 

Y  =  2G.  9  +  0.  74.x 

5.  9 
4.0 
4.8 
3.  9 

0.69 
.  83 
.  89 
.  71 

- 

Postpubertal  to  16  years 

Girls. 

21 

58.  1-78.  0 

Y  =  0.  33  +  0.  95X 

6.  1 

0.  71 

1  Ecjuations  were  not  derived  for  locations  having  less 
than  12  measurements  and  a  weight  range  of  less  than 
15  kg.  within  a  given  weight-for-height  classification. 


2  For  Literature  References,  see  section  XI. 

3  Significant  at  the  1-percent  level. 
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VIII. — Analysis  of  Problems  Encountered 


A.— PROBLEMS  PERTAINING  TO  METH- 
ODS OF  MEASURING  OXYGEN  CON- 
SUMPTION 

Tables  6  and  7  in  the  preceding  section  sho^Yed 
that  the  equations  expressing  the  relationship 
between  heat  production  and  weight  for  a  given 
weight-for-height  classification  and  age  interval 
differed  for  the  locations  within  any  geographi- 
cal I'egion.  Tliese  differences  may  be  due  to  the 
following:  (1)  Type  of  apparatus;  (2)  whether 
the  children  were  inexperienced,  experienced,  or 
extensively  "trained''  in  having  a  basal  metabolic 
measurement;  and  (3)  the  selection  of  a  valvie  for 
reporting  basal  metabolic  measui'ements  when 
more  than  one  test  was  made.  These  variable 
factors  are  interrelated  to  a  certain  extent  and 
since  the  method  and  procedures  followed  by  the 
investigators  were  seldom  identical  except  for 
one  variable  (table  13),  separate  analyses  for  any 
one  variable  cannot  always  be  made.  Therefore, 
before  an  attempt  is  made  to  integrate  the  data, 
these  differences  are  discussed  and  conclusions 
draAvn  as  to  whether  they  cause  appreciable  dif- 
fei'ences  in  heat  production. 

Types  of  Metabolic  Apparatus 

The  principles,  procedures,  and  calculations  in- 
voh^ed  in  determining  heat  production  indirectly 
by  both  the  oj^en-circuit  and  the  closed-circuit 
tj'pes  of  apparatus  have  been  reviewed  by  many 
authors  (for  example,  see  Du  Bois,  1936;  Lewis 
et  ah.  19J:3a;  Brody,  19i5).  The  size  of  the  ap- 
paratus may  be  varied  for  each  type  from  the 
elaborate  respiration-chamber  type  to  the  more 
simple  sjiirometer  type  employing  a  helmet,  mask, 
or  mouthpiece  and  nose  clip.  It  appears  that 
most  investigators  agree  with  Lewis  et  nl.  that 
"when  extreme  care  is  taken  to  have  the  subject 
in  a  postabsorptive  condition,  well  relaxed,  and 
with  muscular  activity  cut  to  a  minimum,  the 
observation  of  careful  technique  will  ensure  de- 
tei-minations  that  will  be  a  true  measure  of  the 
basal  metabolism  regardless  of  which  type  of 
apj^aratus  is  used,"  or,  as  stated  more  simply  by 
Du  Bois,  "most  of  the  errors  lie,  not  in  the  ma- 
chines, but  in  those  who  operate  them." 

However,  the  closed-circuit  type  is  thousfht  by 
some  (Boothby  et  ah,  1936;  Fowler  et  a?.,' 1957') 
to  be  less  reliable  than  the  open-circuit  for  a  num- 
ber of  technical  reasons. 


(1)  The  K.Q.  (respiratory  quotient)  is  assumed 
rather  than  measured;  thus,  introducing  a  pos- 
sible error.  Boyd  (1954)  estimated  the  error  due 
to  this  assumption  to  be  less  than  0.6  percent. 
Robertson  (1937)  also  thought  this  error  of  no 
practical  consequence  and  presented  the  opinion 
that  by  using  a  K.Q.  of  0.82,  "a  correction  rather 
than  an  error  is  being  introduced  in  the  calcula- 
tions for  the  chances  are  that  the  measured  R.Q. 
in  a  short-period  experiment  of  10  minutes  is 
fallacious." 

(2)  A  small  leak  around  the  mouthpiece  or 
mask  causes  a  large  error  in  the  closed-circuit 
type  but  only  a  small  one  in  the  open-circuit  (Du 
Bois,  1936;  Fowler  et  al..  1957). 

(3)  A  possible  change  in  the  average  level  of 
the  "reserve"  or  "supplementary"  respiratory  vol- 
ume of  a  subject  under  test  causes  deceptive  re- 
sults by  tlie  closed-circuit  system  (Boothby  et  al., 
1936;  Willard  and  Wolf,  1951).  Roth  and  Buck- 
ingham (1939)  pointed  out  that  this  problem 
is  rarely  encountered  under  the  controlled  condi- 
tions of  metabolic  testing  and  that  if  these 
changes  did  occur,  the  graph  would  probably 
reveal  such;  nevertheless,  they  made  suggestions 
to  prevent  such  errors.  Any  change  in  respira- 
torv  volume  is  probablv  associated  with  appre- 
lieiision   (Willard  and  Wolf,  1951). 

(4)  Personal  judgment  or  prejudice  may  enter 
into  estimating  the  slope  of  the  oxygen  consump- 
tion line  from  the  spirogram  (Boothbv  et  al., 
1936). 

A  close  agreement  between  results  obtained 
from  the  open-circuit  and  closed-circuit  methods 
of  measuring  heat  production  was  found  by 
Robertson  (1937)  from  determinations  made  on 
the  same  subject  tested  alternately  for  10-minute 
periods  with  the  Douglas  bag  and  Benedict -Roth 
apparatus;  by  Willard  and  Wolf  (1961)  from 
determinations  made  on  trained  subjects  the  same 
day,  using  the  Tissot  spirometer  and  the  Bene- 
dict-Roth apparatus;  and  by  Lewis  et  al.  (1913a) 
from  determinations  made  on  36  children  (65 
determinations)  and  25  adults  (55  determina- 
tions), using  the  open-circuit  chamber  immedi- 
atel3^  preceding  or  following  a  determination 
made  with  a  McKesson  Metabolor.  Fowler  et  al. 
(1957)  also  found  that  consecutive  tests  b}-  the 
two  methods  did  not  differ  significantly,  although 
the  basal  metaljolic  rate  (calculated  from  the 
1936  Mayo  Foundation  Standards)  obtained  by 
the  two  methods  differed  by  more  than  5  percent 
in  21  of  the  48  cases. 
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It  appears  that,  although  the  resuhs  reported 
for  the  two  methods  are  in  agreement,  the  dis- 
agreement occurs  in  the  interpretation  of  the  re- 
sults. In  comparing  the  t^vo  methods,  a  correla- 
tion coefficient  of  0.84  Avas  interpreted  by  Fowler 
et  al.  (1957)  as  indicating  that  a  correlation  was 
"present  but  not  close;"  Avhereas  correlation  co- 
efficients of  0.94  for  children  and  0.81  for  adults 
Avere  considered  by  LeAvis  et  al.  (1943a)  to  shoAV 
"excellent  correlation  betAveen  the  tA\-o  methods 
■  both  for  children  and  for  adults." 

Because  statistical  measures  other  than  the 
correlation  coefficient  need  to  be  considered  in 
interpreting  results  Avhen  the  tAvo  methods  are 
being  compared,  and  since  it  is  belieA-ecl  that  ac- 
tual values  obtained  should  be  used  instead  of 
calculated  A-alues,  such  as  the  basal  metabolic 
rate  (percentage  deAdation  from  some  specified 
standard)  or  heat  production  in  terms  of  per 
unit  of  body  surface,  the  data  reported  by  LeAvis 
et  al.  (1943a)  on  children  AA-ere  recomputed  on 
the  basis  of  Calories  per  hour.  The  65  deter- 
minations obtained  by  the  closed-circuit  method 
A\-ere  used  to  represent  the  I'-axis  and  the  cor- 
responding determination  obtained  by  the  open- 
circuit  chamber,  the  X-axis.  The  equation  com- 
paring the  tAA'o  methods  Avas  Y=1.02+0.98X, 
the  standard  error  of  estimate,  1.8  Calories,  and 
the  correlation  coefficient,  0.98.  Values  closer  to 
a  perfect  agreement  betAveen  the  tAA'o  methods 
could  not  be  expected  from  basal  metabolic  data. 

Further  analysis  of  the  data  of  LeAvis  et  al. 
(1943a)  AA-as  made  by  separating  the  data  ob- 
tained by  the  closed-circuit  method  into  the  de- 
terminations made  by  using  the  usual  mouthpiece 
and  nose  clip  from  those  made  A\-ith  a  mask. 
^Mien  paired  and  correlated  Avith  the  determina- 
tions obtained  on  the  same  morning  by  the  open- 
circuit  metliod,  the  difference  between  the  tAvo 
was  insignificant — the  use  of  the  mask  or  mouth- 
piece and  nose  clip  AA-as  equally  satisfactory. 
HoAA-eA'er,  "Wilbrecht  (1948)  reported  that  appre- 
hension and  fear  Avere  less  Avith  the  mask  than 
Avith  the  nose  clamp. 

As  shoAA-n  in  table  13  the  standard  error  of 
estimate  about  the  regression  line  is  approxi- 
mately the  same  regardless  of  the  type  of  ap- 
paratus used.  HoweA^er,  other  factors  influence 
the  A'ari ability,  and  since  the  procedures  folloAved 
by  any  tAvo  inA'estigators  AA-ere  not  identical,  ex- 
cept for  the  type  of  apparatus,  the  data  are  not 
comjDarable.  Our  conclusion,  therefore,  must  be 
based  upon  reports  from  the  literature  and  from 
the  eA'idence  gained  from  the  foregoing  analysis 
of  the  data  obtained  from  consecutiA'e  determina- 
tions, using  both  types  of  apparatus  as  reported 
by  LeAA'is  et  al.  (1943a).  We  consider  that  the 
open-circuit  and  closed-circuit  types  of  appara- 
tus are  equally  satisfactory  and  that  the  type  of 
apparatus  need  not  be  considered  a  A^ariable  in 
analyzing  these  data. 


Subject's  Experience  With  the  Test  Procedure 

The  accepted  conditions  for  basal  metabolic 
measiirements  haA-e  been  standardized,  in  that  the 
subject  should  be  in  post-absorptiA-e  condition 
(at  least  12  hours  after  the  last  food  intake)  : 
haA'e  a  normal  body  temperatui^e;  haA^e  muscular 
and  mental  repose;  and  haA^e  a  preliminary  rest 
IDeriod  of  20  or  30  minutes  before  the  test.  Ade- 
quate training,  or  familiarity  AA'ith  the  apparatus 
and  AA'ith  the  procedure  followed,  especially  for 
young  children,  is  an  additional  criterion  recom- 
mended by  some  (Shock,  1942;  Vogelius,  1945; 
Keys  et  al..  1950;  HaAvk  et  al..  1954),  but  is  by 
no  means  standardized  {see  table  2). 

Thus,  basal  metabolic  A-alues  sometimes  are 
based  on  the  first  test  obtained  from  inexperi- 
enced subjects  (Boothby  et  al.,  1936;  Eaton,  1939) 
and  sometimes  are  based  on  tests  obtained  from 
subjects  "thoroughly  trained"  in  the  procedure 
of  haA'ing  basal  metabolic  determinations  (Lamb, 
1945;  Lamb  and  Michie,  1954).  LTsually,  Iioaa-- 
eA'er,  the  A'alues  are  based  on  tests  in  Avhich  the 
subjects  haA'e  had  some  preliminary  experience 
AA'ith  the  test  procedure  before  the  actual  deter- 
mination (Wang  et  al..  1926,  1936;  Wang  1934, 
1939;  Lewis  et  aU  1937,  1943;  Shock,"  1942; 
Garn  and  Clark,  1953),  or  the  tests  are  repeated 
on  successiA'e  days  until  a  set  agreement  between 
tests  is  reached  (McKay,  1930;  Molitch  and 
Cousins,  1934;  LeAvis,  1936;  Talbot  et  al..  1937: 
Robertson  and  Reid,  1952;  Thompson  et  al.. 
1948),  or  until  a  stabilization  is  reached  (Bier- 
ring,  1931;  Vogelius,  1945),  so  that  any  hisfh 
tests  attributable  to  inexperience  may  be  dis- 
carded. 

Marked  indiA'idual  differences  in  adaptation 
to  the  testing  procedure  of  measuring  oxygen 
consumption  haA'e  been  obserA^ed  by  many.  From 
measurements  on  postpubertal  girls  from  the  He- 
brew Orphan  Asylum,  Lewis  (1936)  observed 
that  "there  Avas  considerable  variation  among  per- 
sons in  the  consistency  of  successiA^e  determina- 
tions. Some  subjects  gave  results  which  were 
alAA'ays  within  a  small  percentage  of  each  other, 
CA'en  Avhen  the  tests  were  Avell  spaced  in  time; 
others  gave  a  wide  range  of  values,  and  the  checks 
finally  obtained  for  the  group  were  on  the  whole 
less  satisfactory  than  for  the  'constant'  sub- 
jects .  .  .  After  a  careful  and  systematic  review 
of  all  the  material  collected  .  .  .  there  remained 
about  13  (of  50)  subjects  for  whom  some  figures 
had  been  obtained  which  A'aried  more  than  10 
percent  from  their  loAA'est  A-alue  and  which  could 
not  be  explained  on  the  basis  of  an  obserA'ed  or 
inferred  non-basal  relaxation." 

Vogelius  (1945)  also  found  that  the  amount  of 
training  necessary  for  oxygen  consumption  to 
become  stabilized  A'aried  greatly  from  person  to 
person  and  that  the  adaptation  to  the  technical 
procedure  sometimes  was  A^ery  slow;  of  150  girls 
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measured,  at  least  30  had  considerable  difficulty 
in  adapting  to  the  procedure. 

From  observations  on  the  nursery-school  chil- 
dren in  Texas,  Ling  (1946)  reported  that  each 
child  underwent  8  to  9  stages  of  adaptation  to 
become  "thoroughly  trainecV  to  the  basal  meta- 
bolic conditions;  the  number  of  trials  ranged 
from  11  to  23,  but  not  a  single  child  "failed  to 
pass  the  test."  Lamb  and  Michie  (1951)  reported 
that  at  the  time  of  the  actual  determination  these 
children  were  "cooperative,  willing,  and  capable 
in  following  the  details  of  the  procedure." 

Whether  the  first  test  on  a  child  is  high  be- 
cause of  inexperience  cannot  be  known  unless  ad- 
ditional tests  are  made  for  comparison,  even 
though  tests  in  which  the  child  was  obviously 
restless  or  under  nervous  tension  are  eliminated. 
As  Bierring  (1931)  aptly  stated  "many  children 
during  the  first  experiments,  although  apparently 
in  complete  muscular  repose,  in  reality  are  in  a 
state  of  excessive  hypertoni.  This  is  not  always 
due  to  anxiety  or  agitation  but  may  also  be  caused 
by  the  fact  that  the  child,  zealous  not  to  make 
any  movements,  immobilizes  the  articulations  by 
contracting  the  muscles."  Jackson  (1957a)  also 
pointed  out  that  "even  under  ideal  conditions  it 
may  be  necessary  to  repeat  the  test  one  or  more 
times  before  it  can  be  considered  accurate." 

Webster  et  al.  (1941)  and  Thompson  et  al. 
(1948)  reported  that  the  first  test  on  about  half 
of  their  subjects  was  found  to  be  appi^eciably 
higher  than  subsequent  tests.  Robertson  (1944) 
found  from  observations  on  223  young  nurses, 
who  had  vohuiteered  for  the  test,  that  in  70  per- 
cent the  initial  readings  were  higher  than  those 
on  the  second  day;  in  42  percent,  they  were 
higher  by  10  percent  or  more.  Lewis  et  al. 
(1944)  reported  that  only  35  percent  (of  94  chil- 
dren) gave  "satisfactory"  results  on  the  first  de- 
termination. However,  from  results  on  26  chil- 
dren having  satisfactory  tests  on  the  first  deter- 
mination, they  concluded  that  "no  significant  dif- 
ference could  be  attributed  to  experience"  when 
the  first  determination  was  compared  with  that 
of  a  repeated  test  at  an  older  age  on  the  basis 
of  deviation  from  the  standard  values.  It  must 
be  recognized  that  this  conclusion  was  based  on 
a  selected  group  consisting  of  about  one-fifth  of 
the  total  group  measured  and  represents  those 
children  most  cooperative  and  adaptable  to  the 
experimental  procedure. 

From  the  available  data  on  individual  tests 
reported  herein,  the  average  of  the  tests  (two  or 
three)  on  the  first  and  on  the  second  mornings 
were  compared.  Only  values  obtained  during  tlie 
first  measurement  period  (earliest  age  measured) 
for  a  given  child  Avere  used  to  represent  "inex- 
perienced" children  and  children  having  prelimi- 
nary or  "dummy"  tests  before  the  actual  meas- 
urement period.  For  the  "experienced"  children 
the  tests  for  all  the  measurements  reported  by 
Lamb  (n.p.)  on  "trained"  children  were  used,  as 


were  the  tests  for  all  measurements  except  the 
first  measurement  for  each  child  from  the  longi- 
tudinal study  of  Eichorn  (n.p.).  Since  Vogelius 
made  tests  for  a  minimum  of  three  mornings,  it 
was  possible  to  use  his  data  twice:  (1)  By  using 
the  first  morning's  tests  for  "inexperienced" 
girls;  and  (2)  by  discarding  the  first  morning's 
tests,  considering  the  girls  as  being  "experienced" 
with  the  test  procedure,  and  comparing  the  tests 
made  on  the  second  morning  with  those  made  on 
the  third  morning. 

The  percentages  of  the  total  number  of  chil- 
dren whose  average  test  on  the  first  morning  (or 
the  second  morning  for  Vog-elius'  "experienced" 
girls)  was  at  least  5  percent  higher  than  the 
average  on  the  second  morning  (or.  the  third 
morning  for  Vogelius'  "experienced"  girls)  were 
as  follows: 

•      '  ■  ■'  Boys            ■    Girls 

Inexperienced  children:  PeTcent  Percent 

Arizona  (Tliompson,  n.p.) 28.0  26.4 

Kansas  (Harrison,  n.p.) '  23.8 

Vogelius  (1945) _.      36.5 

Children       having      preliminary       or  .  ■.      ■•■.-,;: 

"dummy"     tests    prior     to     meas-  '=      ■; 
urement: 

New  York  City  (Taylor,  n.p.) 19.6  18.6 

California  (Eichorn,  n.p.) ,  15.  5  33.  8 

Experienced  or  trained  children: 

California  (Eichorn,  n.p.) 12.  6  16.  7 

Texas  (Lamb,  n.p.) 10.  2  12.  8 

■  Vogelius  (1945) 15.2- 

These  results  are  somewhat  lower  than  those 
previously  cited  from  the  literature,  probably  be- 
cause they  are  based  on  the  average  of  duplicate 
(or  triplicate)  tests  made  on  the  first  test  morn- 
ing, whereas  in  the  references  cited,  it  is  pre- 
sumed that  only  the  initial  first  test  was  consid- 
ered. The  percentage  of  childi'en  whose  tests 
on  the  first  morning  were  at  least  5  pei'cent 
higher  than  those  on  the  second  morning  declines 
with  experience.  The  practice  of  preliminary  or 
dummy  tests  before  the  actual  measurement  is 
advantageous,  in  that  it  lowers  the  percentage 
of  children  having  high  tests  on  the  first  day  but 
€loes  not  lower  it  to  the  extent  that  repeated 
testing  or  training  does. 

Since  the  procedure  followed  by  Lamb  (n.p.) 
and  Taylor  (n.p.)  Avere  essentially  the  same 
(table  13),  except  for  the  amount  of  experience 
on  the  part  of  the  children,  the  percentage  of 
subjects  returning  for  a  third  day  of  testing  in 
order  to  obtain  a  5-percent  agreement  was  cal- 
culated. For  the  "trained"  children  (Lamb, 
n.p.)  this  was  about  10  percent,  whereas  for  the 
children  having  a  "dummy  test'"  before  the  ac- 
tual basal  metabolic  measurement  period  (Taylor, 
n.p.),  it  was  about  35  percent. 

Du  Bois  (1936)  estimated  that  basal  metabo- 
lism was  about  5  percent  higher  for  untrained 
subjects,  and  Vogelius  (1945)  found  that  the  first 
test  for  150  girls  averaged  8  percent  higher  than 
the  mean  of  the  "last  cletermmations."  ^\naether 
the  average  basal  metabolic  value  for  a  group  is 
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significantly  higher  when  the  first  test  on  inex- 
perienced subjects  is  inckided  will  depend  upon 
the  basis  of  comparison,  that  is,  upon  the  selec- 
tion of  a  value (s)  for  computing  the  "final"  re- 
sult. These  comparisons  will  be  made  in  the  fol- 
lowing subsection.. 

From  the  foregoing  discussion,  it  is  concluded 
that  experience  AA-ith  the  test  procedure  is  usually 
essential  in  order  to  obtain  a  reliable  measure- 
ment. Because  of  indiA'idual  differences  in  the 
amount  of  training  required  to  insure  that  a  sub- 
ject is  in  complete  mental  and  muscular  repose, 
no  set  rule  can  be  adopted  as  to  how  much  ex- 
perience should  be  required.  It  is  recommended, 
howeA-er,  that  preliminary  tests  (Avhich  need  not 
be  made  under  post-absorptiA^e  conditions)  be 
giA-en  to  inexperienced  subjects  in  order  to  famil- 
iarize them  AA'ith  the  apparatus  and  thus  promote 
relaxation.  Although  additional  experience  aa-HI 
be  required  to  obtain  reliable  measurements  on 
some  subjects,  a  preliminary  testing  period  prob- 
ably AA-ili  be  adequate  to  insure  a  satisfactory 
measurement  on  most  subjects  and  aa'III  eliminate 
some  testing  on  all  subjects. 

Methods  Used  in  Selecting  Values  for  Reporting 
Basal  Metabolic  Data 

As  shoAvn  in  table  13  {see  also  table  2)  the 
A'alues  selected  bj'  the  A^arious  iuA^estigators  for 
reporting  basal  metabolic  measurements  Avere  not 
consistent.  Whether  these  A-arious  methods  of 
selection  haA-e  caused  the  results  from  one  iuA-esti- 
gator  to  be  significantly  different  from  those  of 
another  is  the  problem  iinder  consideration. 
Since  data  for  indiAndual  tests  were  made  avail- 
able from  several  unpublished  sources,  it  was 
possible  to  compare  the  results  computed  by  seA-- 
eral   methods. 

Regression  equations  and  other  statistical  meas- 
ures computed  by  several  methods  are  given  in 
table  14,  along  Avith  the  method  selected  by  the 
iuA'estigator  for  reporting  results.  Similar  re- 
sults AA-ere  obtained  for  all  methods,  although 
the  correlation  coefficients  were  usually  loAA-er  and 
the  standard  errors  of  estimate  larger  Avhen  the 
first  tests  were  used  than  for  the  other  methods 
of  computation. 

The  slopes  of  the  regression  lines  Avere  parallel 
for  all  methods.  This  is  obvious  from  figure  24, 
but  Avas  confirmed  by  statistical  tests,  in  Avhich 
the  A^ariation  attributed  to  the  differences  among 
slopes  Avas  less  than  the  pooled  variation  from 
individual  regressions  for  all  locations,  with  one 
exception.  For  the  slopes  deriA-ed  from  the  data 
for  California  girls  from  Eichorn  (n.p.)  a  small 
but  insignificant  difference  AA-as  obtained  betAA-een 
the  slopes  derived  by  the  tAvo  methods. 

The  regression  lines,  although  parallel,  Avere  at 
seA'eral  elevations,  depending  upon  the  method  of 
computation.  To  determine  Avhether  these  dif- 
ferences in  elevation  AA-ere  statistically  significant. 


statistical  tests  Avei'e  made  between  the  methods 
of  computing  results.  The  difference  in  eleva- 
tion betAveen  the  regression  lines  for  the  lowest 
test  and  the  mean  of  all  tests  Avas  significant  for 
all  seA^en  pairs  (from  five  locations).  The  differ- 
ences in  eleA'ation  between  the  regression  lines 
for  the  loAvest  test  and  the  mean  of  selected  tests 
(usually  those  tests  Avithin  5  percent),  and  also 
for  the  mean  of  all  tests  and  the  mean  of  selected 
tests,  Avere  not  statistically  significant  for  any 
pair.  The  slight  differences  in  elevation  among 
the  regression  lines  deriA-ed  from  the  first  test, 
from  the  mean  of  all  tests,  and  from  the  mean  of 
selected  tests  Avere  not  significant,  with  the  ex- 
ception of  the  data  from  Vogelius  (1945).  In 
his  report  the  regression  line  for  the  first  test  AA-as 
significantly  higher  (in  elevation)  than  that  for 
the  mean  of  all  tests. 

These  results  indicate  that  no  significant  dif- 
fei'ence  in  elevation  of  the  regression  lines  can  be 
attributed  to  the  methods  of  selecting  and/or 
computing  the  basal  metabolic  data,  except  be- 
tAveen  the  mean  of  all  tests  and  the  lowest  test. 
Therefore,  locations  using  all  tests  for  reporting 
basal  metabolic  A-alues  may  be  comparable  to  lo- 
cations using  methods  of  selection  other  than  the 
loAA-est  test  only.  Locations  reporting  values  com- 
puted from  the  tests  agreeing  within  5  percent 
may  be  comparable  Avith  locations  using  the  Ioav- 
est  test. 

Objections  to  using  the  lowest  test  (or  the  mean 
of  the  loAvest  A-alues)  to  represent  a  basal  meta- 
bolic value  are  (1)  because  it  "vitiates  the  ad- 
vantage gained  in  accuracy  of  the  mean  A-alues  of 
individual  measurements  that  are  each  subject, 
to  random  errors"  (FoAA-ler  et  al.,  1957)  ;  and  (2) 
because  of  indiA-idual  differences  in  adaptation 
to  the  procedure,  the  loAvest  of  a  specified  ninn- 
ber  of  tests  may  not  be  comparable  for  all  sub- 
jects unless  the  method  of  Bierring  (1931)  and 
Vogelius   (1945)   Avas  followed   (table  1). 

It  is  recommended  that  the  mean  of  all  tests 
(Avith  exception  of  extreme  values)  be  used  for 
reporting  basal  metabolic  data,  proA-iding  that 
the  subject  has  had  preliminary  tests  before  the 
actual  measurement  period,  since  (1)  heat  pro- 
duction, like  other  biological  processes,  is  a  A-aria- 
ble  quantitA'  eA^en  under  standardized  conditions, 
and  (2)  the  results  based  on  the  mean  of  all  tests 
Avere  not  significantly  different  from  the  results 
leased  on  the  mean  of  tests  agreeing  Avithin  5 
percent. 

From  the  foregoing  discussion  it  is  concluded 
that  the  slopes  of  the  regression  lines  for  the  re- 
lationship of  heat  production  to  AA-eight  are  com- 
parable for  children  AA-ithin  a  given  age  interval 
and  Aveight-for-height  classification,  and  that  any 
difference  in  slope  is  due  to  some  factor  other 
than  apparatus,  procedure,  or  experience  of  the 
child  in  having  oxj'gen  consumption  measured. 
HoAvever,  the  elevation  of  the  regression  line  Avill 
vary  in  accordance  Avith  experience  of  the  sub- 
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Figure  24. — Various  methods  itsed  in  selecting  values  for  reporting  basal  metabolic  measurements  :     Regression 

lines  relating  basal  heat  production  to  weight. 

From  data  for  children  within  the  Xormal  weight-for-height  classification  and  School  Age  to  Piiberty  group.  Data 
for  New  York  City,  from  Taylor  (n.p. )  for  9-  to  il-year-old  children  only;  for  California,  from  Eichorn  (n.p.)  ;  for 
Kansas,  from  Harrison  (n.p.)  ;  and  for  Arizona,  from  Thompson  (n.p.).     See  table  14  for  equations. 
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Table  14. — Regression  equations  obtained  by  various  methods  used  in  reporting  basal  metabolic 

measurements 

[From  data  on  children  within  the  Normal  weight-for-height  classification  and  School  Age  to  Puberty  age  interval.] 


Sex 


Num- 
ber of 
meas- 
urements 


Weight 
range,  kg. 


Method 


Regression  equa- 
tion 
Y=Cal./hr. 
X  =  weight,  kg. 


Standard 
error  of 
esti- 
mate 


Correla- 
tion 
coefTicient 


Estimated 
heat  pro- 
duction, 
Cal./hr., 
when 
weight 
=  40  kg. 


Bovs_ 


Girls- 


53 


50 


Girls. 


29 


Girls- 


21 


Boys. 
Girls- 


268 
251 


Girls- 


59 


25.  7-41. 


26.  0-42.  4 


2.5.  1-44. 


30. 


27.  4-65.  2 

28.  3-65.  2 
19.  5-51.  4 
28.  4-51.  4 


20.  8-47.  0 


First  test 

Mean  of  all  tests  (at  least  4). 
Mean  of  tests  within  5%  of 

lowest  (at  least  3). 

Lowest 

First  test 

Mean  of  all  tests  (at  least  4). 
Mean  of  tests  within  5%  of 

lowest  (at  least  3). 
Lowest 


Mean  of  all  tests  (4). 
Lowest 


First  test 

Mean  of  all  tests  (at  least  4)-. 
Mean  of  tests  within  5%  of 

a  selected  test. 
Lowest 


Mean  of  all  tests  (6) 

Lowest 

Mean  of  all  tests  (6) 
Lowest 


First  test 

Mean  of  all  tests  (at  least  6)-. 
Mean  of  tests  which  did  not 

show  a  falling  tendency  (at 

least  4). 
Lowest 


New  York  City  (Taylgr,  n.p. 


Y  =  30.3 
Y=34.5 

Y  =  33.0 

Y  =  31.9 
Y=19.4 
Y=19.0 
Y=21.2 


+  0.71X 
+  0.57X 
-f0.58X 

+  0.58X 
+  0.97X 
+  0.97X 
+  0.85X 


Y  =  20.7-f0.84X 


4. 

8 

3. 

0 

2. 

9 

3. 

0 

5. 

2 

3. 

8 

3. 

8 

3. 

6 

0.  49 
.  58 
.  59 

.  59 
.  62 
.  73 
.  69 


Kansas  (Harrison,  n.p.) 


Y  =  23.5  +  0.83X 
Y=22.9  +  0.76X 


3.  2 
3.  4 


0.  82 

.  78 


Arizona  (Thompson,  n.p.) 


Y= 

Y  = 

Y  = 


a9.8  +  0.84X 
22.7  +  0. 76X 
23.4-H0.73X 


Y  =  21.5  +  0.72X 


5. 

2 

4. 

1 

3. 

8 

4. 

1 

0.  69 

.  74 
.  75 

.  73 


California  (Eichorn,  n.p.) 


Y=  19.5-1-0. 95X 
Y=  17.3-1-0. 93X 
Y=  19. 7-1-0. 86X 
Y  =  6.7+1.09X 


3.  8 

4.  4 

3.  4 

4.  7 


0.  89 
.  85 
.  80 

.  75 


Denmark  (Vogelius,  1945) 


Y  =  22.2  +  0.89X 

Y  =  20.0  +  0.88X 
Y=19.1  +  0.88X 


Y=  18.5  +  0. 87X 


3.  9 
2.  7 
2.  8 


2.  8 


0.  82 
.  90 
.90 


.  90 


1  For  9-  to  11-vear-oId  children. 


ject  and  with  the  selection  of  a  vahie(s)  for  com- 
pnting  the  resuhs  reported. 

B.— PROBLEMS  PERTAINING  TO 
METHODS  OF  ANALYZING  DATA 

Further  analysis  of  data  for  children  within 
the  Normal  Aveight-for-height  classification  and 
School  Age  to  Puberty  age  interval  were  made  to 


answer  pertinent  questions  which  arose  while  the 
foregoing  regression  equations  Avere  being  de- 
riA'ed.  The  findings  ai'e  pi'esented  here  to  aid  the 
readers  AA'ho  may  haA-e  similar  questions  regard- 
ing these  data.  The  longitudinal  data  from 
Lewis  et  al.  (1937),  and  Duval  (1942),  from 
Eichorn  (n.p.),  and,  to  a  lesser  extent,  from 
DaA'enport  et  al.  (1939)  Avere  used  for  these 
analyses. 
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Regression  Lines  Relating  Basal  Heat  Produc- 
tion to  Weight  for  Cross-Sectional  and  Longi- 
tudinal Data 

In  section  VII  the  longitudinal  data  were  ana- 
lyzed the  same  as  were  the  cross-sectional  data; 
that  is,  each  measurement  Avas  treated  separately. 
HoAvever,  in  this  procedure  overemphasis  is 
given  to  data  obtained  from  repeated  measure- 
ments on  the  same  children.  Thus,  the  data  may 
not  be  representative  of  the  normal  population 
group  being  studied.  This  objection  may  be 
valid  when  many  measurements  are  made  on  a 
few  subjects  and  each  measurement  is  given  equal 
consideration  in  a  small  group  of  otherAvise  cross- 
sectional  data.  HoAvever,  in  this  report  nearly 
all  children  Avere  measured  repeatedly  in  large 
groups  of  longitudinal  data,  and  no  one  child 
predominated  any  group  in  the  Normal  weiglit- 
for-height  classification. 

In  table  15  are  presented  the  number  of  chil- 
dren in  relation  to  the  number  of  measurements 
for  our  major  sources  of  longitudinal  data.  Al- 
though the  published  data  of  Topper  and  Mulier 
(1932)  consisted  of  periodic  measurements  made 
on  adolescent  boys  and  girls,  the  data  Avhen  sepa- 
rated into  age  intervals  could  not  be  considered 
longitudinal,  since  only  one  or  tAvo  measurements 
per  subject  Avere  represented  Avithin  the  School 
Age  to  Puberty  age  interval. 

In  order  to  compare  the  regression  equations 
deriA^ed  from  cross-sectional  data  Avith  the  equa- 
tions derived  from  longitudinal  data,  one  meas- 
urement per  child  Avas  selected  at  random  (or  as 
near  random  as  the  data  permitted  to  provide 
representation  of  all  possible  ages  and  Aveight) 
from  the  longitudinal  data  from  three  investi- 
gators. The  regression  equations  derived  from 
these  "cross-sectional"  data  are  in  excellent  agree- 


ment Avith  those  derived  in  section  VII  on  the 
longitudinal  data,  as  shoAvn  in  figure  25. 

Regression  Lines  Relating  Basal  Heat  Produc- 
tion to  Weight  for  Individual  Children  and 
for  Many  Children 

The  measurements  on  Colorado  children  (LeAvis 
et  aJ.,  1937;  Duval,  1942)  Avere  made  OA^er  a  pe- 
riod of  9  years,  thus  making  it  possible  to  obtain 
regression  lines  relating  heat  production  to 
Aveight  for  individual  children.  The  lines  shoAvn 
in  figure  26  Avere  fitted  to  the  data  by  inspection 
for  children  having  measurements  for  the  long- 
est age  span.  Although  the  slopes  of  the  regres- 
sion lines  for  individual  children  Avere  sometimes 
steeper  and  sometimes  flatter  than  those  derived 
from  data  for  many  children  of  different  ages, 
the  regression  lines  were  similar.  Thus,  it  ap- 
pears that  the  deriA^ed  equations  from  data  for 
many  children  are  applicable  to  individual  chil- 
dren. The  regression  lines  for  individual  chil- 
dren might  be  altered  slightly  if  data  Avere  avail- 
able on  the  same  child  throughout  the  entire  age 
span  of  -1  or  4^2  years  to  puberty  as  represented 
by  the  regression  equation  for  many  children. 

Regression  Lines  Relating  Basal  Heat  Produc- 
tion to  Weight  for  Children  of  the  Same  Age 
and  for  Children  of  Different  Ages 

As  nearly  as  possible  a  random  selection  of 
boys  and  girls  differing  in  weight  but  approxi- 
mately of  the  same  age  (Avithin  one  year)  Avas 
made  from  three  groups  of  longitudinal  data  to 
determine  Avhether  the  regression  lines  differed 
from  those  obtained  for  children  of  different 
ages.  The  results,  shoAvn  in  figure  27,  indicate 
that  the  regression  lines  relating  heat  production 
to  Aveight  for  children  of  different  ages  Avere  ap- 


Table  15. — Number  of  children  tested  and  number  of  measurements  made  for  longitudinal-type  data 
[From  data  on  children  avithin  the  Normal  weight-for-height  classification  and  School  Age  to  Puberty  age  interval. 


Colorado 

California 

New  York 

New  York 

Michigan 

Texas 

Lewis  et  al. 

Eichorn 

Davenport 

Webster 

Hoobler 

Lamb 

(1937);  Duval 

(n.p.)  ■ 

ei  al. 

et  al. 

(n.p.)  ' 

(n.p.)  ' 

(1942)  I 

(1939)  1 

(1941)  ' 

Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

Boys 

Girl!- 

Children — 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Tested 

61 

35 

66 

42 

45 

42 

11 

5 

I 

12 

5 

1 

Having  1  or  2  measurements. - 

8 

6 

25 

29 

11 

21 

3 

1 

0 

5 

1 

4 

Having  more  than  2  measure- 

53 

29 

41 

13 

34 

21 

8 

4 

/ 

( 

4 

3 

ments. 

Measurements : 

Total 

553 

357 

258 

86 

165 

115 

60 

23 

27 

34 

22 

21 

Average,  for  children  having 

10 

12 

6 

4 

4 

4 

"7 

6 

4 

4 

5 

6 

more  than  2  measurements. 

Most  for  any  1  child 

25 

24 

11 

7 

7 

6 

9 

7 

5 

7 

9 

/ 

'  For  Literature  References,  see  section  XL 
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Figure  2-5. — Cross-sectional  and  longitudixal  data  :     Regression  lines  relatin 
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basal  heat  production  to  weight. 

Bee  table  1-5  for  number  of  measurements  and  number  of  children  used.  Data  for  New  York,  from  Davenport, 
Renfroe,  and  Hallock  (1939)  ;  for  Colorado,  from  Lewis,  Kinsman,  and  Iliff  (1937)  and  Duval  (1942)  ;  for  California, 
from  Eichom  ( n.p. ) . 
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Figure  26. — Many  children  and  individual  children  measured  at  different  ages  :     Regression  lines  relating  basal 

heat  production  to  weiglit. 

The  inserts  show  the  scatter  of  the  data  points  about  the  regression  line  for  an  individual  girl  and  boy.     Data 
from  Lewis,  Kinsman,  and  Iliff  (1937)  and  Duval  (1942). 
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Figure  27. — Children  the  sahe  age  but  of  different  weights  and  children  of  DiFFEREyr  ages  and  weights; 

Regression  lines  relating  basal  heat  production  to  weight. 

The  numerals  in  parentheses  indicate  the  number  of  measurements  used  in  deriWng  the  equations.  Data  for 
New  York,  from  Davenport,  Renfroe,  and  Hallock  (1939)  ;  for  Colorado,  from  Lewis,  Kinsman,  and  Iliff  (1937)  and 
Duval  (1942)  ;  for  California,  from  Eichorn  (n.p.). 
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plicable  to  children  of  different  weights  but  of 
the  same  age. 

Age  as  a  Variable,  in  Addition  to  Weight,  for 
Estimating    Heat    Production 

Other  than  for  indicating  tlie  average  age  at 
which  physiological  changes  occurred,  chrono- 
logical age  fer  se  has  been  ignored  in  analyzing 
these  data.  To  determine  whether  chronological 
age  was  a  variable  influencing  heat  production, 
the  data  on  Colorado  (Lewis  et  al.,  1937;  Duval, 
1942)  and  California  (Eichorn,  n.p.)  children 
were  divided  into  groups  on  the  basis  of  their 
height  for  age.  The  children  whose  height  for 
age  fell  in  the  75th  percentile  or  above  by  the 
Stuart-Meredith   (19-10)  height-weight  standards 


were  classified  as  "tall";  those  with  heights  for 
age  below  the  25th  percentile,  as  "short";  and 
those  whose  heights  fell  between  the  25th  and 
75th  percentiles,  as  "average"'  height  for  age. 
The  separate  regression  equations  for  these  groups 
are  shown  in  figure  28. 

If  age  were  an  influencing  variable,  the  equa- 
tion for  the  children  of  average  height  for  age 
should  fall  between  the  other  two  groups.  Ho\v- 
ever,  this  occurred  for  only  one  group  (Cali- 
fornia girls).  In  the  other  three  groups  the  line 
representing  children  of  average  height_  for  age 
was  either  above  or  below  the  other  lines.  It 
appears  from  these  results  that  chronological  age 
per  se  is  not  a  factor  affecting  the  level  of  heat 
production  in  children  up  to  the  age  of  puberty. 

For  more  conclusive  evidence  that  chronologi- 
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Figure  28. — CIIILDRE^'  "tall  for  age,"  "average"  height  for  age,  and  "short  for  age"  within  the  Normal  weight- 
FOR-HEiGHT  CLASSIFICATION  :     Regression  lines  relating  basal  heat  production  to  weight. 

The   numerals   in   parentheses  indicate  the  nund)er  of  measurements  used  in  deriving  the  equations.     Data  for 
Colorado,  from  Lewis,  Kinsman,  and  Iliff  (1937)  and  Uuval  (1942)  :  for  California,  from  Eichorn  (n.p.). 
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-Linear  regression  lines  are  compared  with  basal  heat-production  values  computed  from  multiple 

regression  equations. 


Values  for  weight  and  age  (."  to  14  years  for  girls  and  to  16  years  for  boys)  corresponding  to  the  10th  (closed 
circles).  50th  (open  circles),  and  90th  (triangles)  percentiles  from  the  Stuart-Meredith  (1946)  Standards  were  used 
as  the  basis  for  estimating  heat  production  by  multiple  regression  equations.  See  footnotes  2  and  3  in  table  16  for  the 
equations.  Data  from  Lewis.  Kinsman,  and  Iliff  (1937)  and  Duval  (1942)  were  used  for  the  derivation  of  both 
equations. 


cal  age  is  relativeh'  unimpoi'tant  in  estimating 
heat  production  of  children,  botli  weight  and  age 
were  used  as  independent  variables  for  deriving 
multiple  regression  equations.  The  same  data  on 
Colorado  children  (Lewis  et  a7.,  1937;  Duval, 
1942)  that  Avere  used  for  deriving  linear  equa- 
tions for  the  cross-sectional  type  of  data  were 
used  for  computing  multiple  regression  equations. 
The  equations  were : 

Boys: 

Cal./hr.  =  24.5 +  0.87  (weight,  kg.) -0.35  (age,yr.) 

Girls : 
Cal./hr.  =  21.3 +  0.84  (weight, kg.)  -0.13  (age.yr.). 

Thus,  heat  production  for  boys  increased  an  aver- 
age of  0.87  Calories  per  hour  for  each  kilogram 
increase  in  body  weight  but  only  0.35  Calories 
per  hour  for  each  yearly  increase  in  age.  The 
effect  of  age  on  heat  production  for  girls  was  less 
than  for  boys.  Because  the  partial  regression  co- 
efficient of  age  ( independent  of  weight )  was  nega- 
tive, young  children  of  a  given  Aveight  Avho  are 
taller  than  others  of  their  age  had  a  slightly 
higher  metabolism. 

The  folloAving  statistical  test  (see  Snedecor, 
1956,  p.  419)  gives  further  evidence  that  chrono- 
logical age  is  of  minor  importance  in  estimating 
heat  prodiiction  of  children.  Test  of  each  varia- 
ble after  the  effect  of  other  variable  was  remoA^ed : 

Boys : 

Mean    s(iuare    for    age    after    weight    dis- 
counted          11.37 

Mean    square    for    weight    after    age    dis- 
counted    843.99** 

Mean  square  for  error 8.48 


Girls : 

Mean    square    for    age    after    weight    dis- 
counted            0.61 

Mean    square    for    weight    after    age    dis- 
counted     388.08** 

Mean  square  for  error 5.20 

**  =  Signiflcant  at  the  1-percent  level. 

Table  16,  in  Avhich  actual  measurements  on 
children  Avere  used  for  illustration,  indicates  that 
heat  production  Avas  approximately  the  same 
Avhether  computed  by  the  linear  regression  or  by 
the  multiple  regression  equation.  Theoretically, 
the  maximum  difference  possible  betAveen  heat- 
production  values  computed  by  the  linear  equa- 
tion (Aveight  as  single  variable)  and  by  the  mul- 
tiple regression  equation  (weight  and  age  as 
variables)  for  children  of  the  same  Aveight  but 
differing  in  age  would  be  less  than  2  Calories  per 
hour  for  boys  and  less  than  1  Calorie  per  hour, 
for  girls. 

Linear  regression  lines  are  shown  in  figure  29, 
in  Avltich  heat-production  values  computed  by 
multiple  regression  equations  for  Aveights  and 
ages  of  boys  and  girls  corresponding  to  the  10th, 
60th,  and  90th  percentiles  of  the  Stuart-jSIere- 
dith  (1946)  Standards  are  shown  in  relation  to 
the  linear  regression  equation.  Inasmuch  as  the 
standard  error  of  estimate  was  higher  than  the 
maximum  possible  difference  betAveen  the  Iavo 
types  of  equations,  it  Avas  considered  unnecessary 
to  calculate  the  multiple  regression  equation  for 
other  data,  especially,  since  this  equation  Avas  not 
superior  to  the  linear  equation,  and  the  simpler 
method  Avas  preferred  for  processing  the  data. 

Summarizing  the  results  pertaining  to  methods 
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of  analyzing-  the  data,  it  was  fonnd  that  the  re- 
gression equations  were  similar  whether  they  were 
derived  from  cross-sectional  or  longitudinal  types 
of  data ;  that  the  regression  lines  for  individual 
children  measured  at  different  ages  and  those  for 
children  of  approximately  the  same  age  (within 
one  year)  but  of  different  weiglits  were  similar 
to  the  regression  lines  derived  from  data  on  many 
children  of  different  ages.  Little  difference  was 
found  among  the  equations  derived  for  groups  of 
children  tall,  short,  or  of  average  height  for  their 
age,  and  the  results  were  not  consistent  for  all 
groups.  Therefore,  it  is  concluded  that  chrono- 
logical age  fer  se  is  relatively  unimportant  as  a 
variable  influencing  basal  heat  production  within 


a  given  physiological  age  interval. 

That  weight  is  the  chief  variable  influencing 
heat  production  and  that  chronological  age  is 
relatively  unimportant  was  indicated  also  from 
multiple  regression  equations.  In  estimating 
heat  production  of  children,  the  maximum  dif- 
ference possible  between  the  multiple  regression 
equation  (both  age  and  weight  as  variables)  and 
the  linear  regression  equation  (Aveight  as  the  sin- 
gle variable)  would  be  less  than  2  Calories  per 
hour  (for  the  data  used  in  this  analysis).  This 
difference  is  less  than  the  standard  error  of  esti- 
mate. Thus,  the  simpler  linear  equation  (as  com- 
puted in  section  VII)  is  preferable  for  estimat- 
ing basal  heat  production. 


Table  16. — Heat  production  compnted  by  linear  regression  and  hy  multiple  re-gressior^  equations  jor  children 

of  (liferent  heights  for  age 


Age 

Weight 

Height 

Heat  production 

C      „                       i...       1 

Colorado  Subject  No.' 

Actual 

Calculated 

Linear  2 

Multiple  3 

Linear 

Multiple 

Bovs: 

23    __                     - 

Yr.     Mo. 

5        1 

5       2 

5        1 

8        1 

8       3 

8       3 

11       2 

11        4 

11       5 

14       4 

14       7 

14       4 

5       0 

4  10 

5  2 

7  9 

8  1 
8       0 

10  10 

11  3 

11  3 

12  11 
12      10 

Kg. 
18.  6 
20.0 
23.  4 
22.  7 
27.  7 
31.4 
29.8 
34.  0 
40.  6 
40.  0 
46.  5 

50.  1 

16.  6 

17.  7 
20.2 
21.  8 
27.9 
29.  9 
34.9 
36.3 
45.5 
33.8 

51.  8 

Cm. 
107.  8 
111.  7 
123.  8 
119.  4 
130.  9 
137.  6 
140.  0 
146.  3 
154.  2 
153.  1 
162.  4 
169.  2 

107.  3 
110.  3 
118.  1 
121.  0 
125.  6 
137.  8 
140.  7 
150.  4 
157.  6 
146.  4 
161.  8 

Cal.lhr. 

36.  3 

37.  8 
45.  9 

44.  7 

45.  2 
4.5.  3 
49.  0 
45.  3 
53.  1 

51.  6 
65.  3 

61.  1 

36.  2 
3.5.0 
40.  8 

38.  4 
42.  2 
49!  6 
45.  4 

52.  3 
60.  8 
45.  3 

62.  0 

Cal.lhT. 

38.6 
39.  7 
42.3 
41.  8 
45.  7 
48.  5 
47.3 
50.  6 
55.  7 
.55.  2 
60.3 
63.  1 

34.  6 

35.  5 

37.  6 

38.  9 
43.  8 
45.  5 
49.5 
50.  7 
58.  2 
48.  6 
63.  3 

Cal.lhr. 

38.  9 

40.  1 
43.  1 

41.  4 
45.8 
49.  0 
46.  6 
50.0 
55.  8 
54.  2 
59.  9 
63.  0 

34.  7 
35.6 

37.  7 

38.  7 
43.8 
45.  5 

49.  4 

50.  6 
58.  3 
48.  2 
63.  4 

Cal.lhr. 
-t-2.  3 
-t-1.  9 
-3.6 
-2.9 
-1-0.  5 
-1-3.2 
-1.  7 
-1-5.  3 
+  2.  6 
-f-3.  6 
-5.0 
-F2.  0 

- 1.  6 
-1-0.  5 
-3.2 
+  0.  5 
-fl.  6 
-4.  1 
+  4.  1 
-1.6 
-2.  6 
-F3.  3 
-1-1.3 

Cal.lhr. 
+  2.6 

+  2  3 

16___    ___    . 

116 

—  2  8 

60___    

—  3  3 

27 

.5 

+  0.  6 
-1-3  7 

110 

—  2  4 

93 

92_ 

+  4.7 
+  2  7 

12 : 

61 

+  2.  6 
—  5.  4 

48 

Girls: 

68 

97 

+  1.9 

-1.  5 
+  0  6 

18 

—  .3.  1 

21 

+  0.  3 

67 

-^1.  6 

117 

—  4.  1 

72 

78 

+  4.0 
-1.  7 

117 

73 

69 

-2.5 

+  2.  9 
+  1.4 

■  Subjects  within  the  Normal  weight-for-height  classi- 
fication were  selected  on  the  basis  of  height  for  age  from 
the  longitudinal  data  of  Lewis,  Kinsman,  and  Iliflf  (1937) 
and  Duval  (1942);  these  subjects  for  this  age  were  not 
included  in  the  derivation  of  the  linear  equation  from  the 
cross-sectional  data. 


-  Equations  for  linear  regression:  Boys,  Cal./hr.= 
24.11  +  0.778  (weight,  kg.);  girls,  Cal./hr.  =  21.09  +  0.815 
(weight,  kg.). 

3  Equations  for  multiple  regression:  Bovs,  Cal./hr.= 
24.47  +  0.870  (weight,  kg.) -0.348  (age,"  yr.) ;  girls, 
Cal./hr.  =  21.28+ 0.845  (weight,  kg.) -0.127  (age,  yr.). 
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IX. — An  Attempt  at  Integration 


The  regression  lines  derived  from  data  for 
boys  and  girls  within  the  School  Age  to  Puberty 
age  interval  are  shown  bj'  regions  in  figure  30 
for  the  Xormal  weight-for-height  classification 
and  in  figure  31  for  the  OverAveight.  These  fig- 
ures show  that  in  some  regions  the  regression 
lines  for  a  given  age  interval  or  weight-for- 
height  classification  are  similar,  in  some  the  lines 
are  nearly  parallel  but  differ  in  elevation,  and 
in  some  the  lines  are  mostly  dissimilar.  Little 
meaning  can  be  attached  to  differences  in  eleva- 
tion unless  the  slopes  are  parallel,  and  since  it 
Avas  concluded  from  the  preceding  section  that 
the  slopes  of  the  regression  lines  were  unaffected 
by  the  subject's  experience  with  the  metabolic 
procedure  or  by  the  method  used  in  calculating 
the  final  results,  a  thorough  examination  of  the 
slopes  Avas  made. 

It  appears  that  the  slopes  of  the  regression 
lines  may  be  the  same  for  boys  and  girls  Avithin 
the  School  Age  to  Puberty  age  interval,  since 
the  slopes  derived  for  boj^s  were  similar  to  the 
corresponding  slopes  deriA-ed  for  girls  for  three 
locations,  and  for  the  other  locations  they  AA'ere 
sometimes  loAver  and  sometimes  higher.  Hoav- 
ever,  statistical  tests  (covariance  analysis)  AA-ere 
made  for  A^erification.  These  results  {see  ap- 
pendix B,  table  25)  indicated  that  the  slopes  of 
the  regression  lines  were  similar  for  boys  and  for 
girls  Avithin  the  Preschool  and,  Avith  three  ex- 
ceptions, Avithin  the  School  Age  to  Puberty  age 
intervals  for  both  the  Normal  and  OverAveight 
Aveight-for-height  classifications.  These  excep- 
tions Avere  as  folloAvs: 

The  slopes  of  the  regression  lines  derived  from  the 
data  of  Topper  and  Mulier  (1929a,  1929b,  19.32) 
for  girls  within  both  the  Normal  and  Overweight 
Aveight-for-height  classification  are  considerably 
higher  than  the  corresponding  slopes  from  the 
other  locations  (see  right  set  of  equations  in  tables 
7  and  10).  However,  the  difference  in  slopes  be- 
tween the  boys  and  girls  was  significantly  higher 
only  for  the  IVormal  weight-for-height  classification. 
Because  the  slopes  of  all  other  pairs  of  boys  and 
girls  within  the  Normal  weight-for-height  classifica- 
tion were  not  significantly  different,  the  relatively 
steep  slope  (1.39)  of  the  regression  line  for  the 
Normal  gii-ls  (of  Topper  and  Mulier)  was  apparently 
due  to  sampling  variation. 

The  slope  (0.86)  of  the  regression  line  for  Over- 
weight boys  derived  from  Taylor's  (n.p.)  data  was 
the  steepest  one  obtained  from  data  for  Overweight 
hoys  and  was  steeper  than  the  corresponding  slope 
(O.7.")  for  Normal  boys,  which  was  one  of  the 
flatter  slopes  obtained   (-sec  right  set  of  equations  in 


tables  6  and  9).  Hence,  this  relatively  steep  slope 
apparently  caused  the  difference  between  the  slopes 
of  Overweight  boys  and  girls  (from  Taylor,  n.p.)  to 
be  significant. 

The  significant  difference  between  slopes  for  the 
Overweight  boys  and  girls  from  Colorado  ( Lewis 
ct  ah.  1937;  Duval.  1942)  was  believed  to  be  caused 
by  the  relatively  flat  slope  (0..56)  of  the  regression 
line  for  Overweight  girls.  As  explained  in  section 
VII  this  slope  was  attributed  to  a  few  aberrant 
A'alues  in  the  small  group  represented  (see  right 
.set  of  equations  in  tables  9  and  10).  The  slope  for 
Overweight  girls  Avas  significantly  lower  than  that 
(0.78)  for  Normal  girls,  whereas  the  slopes  for 
Overweight  and  for  Normal  bovs  were  the  same 
(0.74). 

It  is  concluded  that  the  slopes  of  the  regres- 
sion lines  for  boj's  and  girls  Avithin  the  Pre- 
school and  School  Age  to  Puberty  age  intervals 
are  not  significantly  different ;  therefore,  the  data 
for  both  sexes  within  a  given  location  Avere  com- 
bined. The  slopes  deriA-ed  from  the  combined 
data  are  giA^en  in  table  17.  These  slopes  for  a 
given  region  Avere  more  uniform  than  those  cal- 
culated separately  for  boys  and  for  girls  and 
probably  are  more  representatiA"e  of  the  giA'en  lo- 
cation because  of  the  larger  number  of  measure- 
ments available.  The  results  of  covariance  analy- 
sis (giA'en  in  appendix  B,  table  26)  indicate  that : 

1.  For  the  Preschool  age  interval  the  slopes 
of  the  regression  lines  are  not  signifi- 
cantly ditferent.  Since  this  age  interval 
was  represented  by  only  three  locations, 
these  results  cannot  be  considered  con- 
clusiA'e. 

2.  For  the  School  Age  to  Puberty  age  in- 
terA-al  the  slopes  of  the  regression  lines 
are  not  in  agreement  for  all  locations 
Avithin  any  geographical  region  for  the 
Normal  Aveight-for-height  classification. 
HoAveA^er,  the  slopes  of  the  regression 
lines  among  all  locations  Avere  not  signifi- 
cantly different  for  OverAveight  children. 

Table  17  sIioavs  that  for  the  Xormal  Aveight- 
for-height  classification  there  Avas  one  location 
liaving  a  slope  out-of-line  Avith  all  others;  that 
is,  the  slope  of  0.76  (data  from  Taylor,  n.p.) 
appeared  to  be  out-of-line  Avith  others  in  the 
Northeast  reijion;  the  slope  of  0.63  (data  from 
Wang  et  a7..^1926,  1936;  and  Wang,  1934,  1939) 
Avas  out-of-line  in  the  North  Central  Region ; 
and  the  slope  0.97  (data  from  Eichorn,  n.p.)  Avas 
steelier  than  others  in  the  Western  Region.   These 
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GIRLS 


FiGUKE  30. — Boys  and  girls  within  the  Normal  weight-for-height  classification  and  School  Age  to  Puberty  age 
INTERVAL  :     Regression  lines  relating  basal  heat  production  to  weight. 

See  tables  6  and  7  for  sources  of  data  and  equations. 
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basal  heat  productiou  to  weight. 

See  tables  9  and  10  for  soiu-ces  of  data  and  equations. 
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slopes  are  from  groups  haA'ing  a  relatively  large 
number  of  measurements  and  cannot  be  explained. 
With  these  exceptions,  the  slopes  in  the  North- 
east region  were  near  1.0;  in  the  North  Central 
region  they  were  slightly  lower — nearer  0.9; 
whereas  in  the  "Western  region  and  Texas  they 
were  close  to  0.8. 

The  difference  in  the  weight  range  and  in  the 
distribution  (scatter)  of  the  data  along  the  re- 
gression lines  may  be  factors  contributing  to 
differences  in  the  slope  of  the  regression  lines 
within  a  region.  The  weight  range  varied  con- 
siderably among  the  locations  {see  tables  6  and 
7)  ;  this  was  determined  to  a  large  extent  by  the 
age  range  of  the  children  measured  {see  table  3). 
For  example,  most  of  the  Texas  boys  were  be- 
tween 18  and  25  kilograms,  most  of  the  Colorado 


bo3's  between  18  and  40  kilograms  (although  the 
range  extended  to  65  kilograms),  most  of  the 
California  boys  between  30  and  60  kilograms, 
and  most  of  the  Washington  boys  between  48 
and  60  kilograms.  In  adclition,  the  distribution 
(scatter)  of  the  data  along  the  regression  line 
was  often  skewed.  This  may  have  caused  the  re- 
gression lines  to  be  somewhat  distorted. 

The  regression  lines  derived  from  data  for  boys 
within  the  Postpubertal  age  interval  are  shown 
for  both  Normal  and  Overweight  weight-for- 
height  classifications  in  figure  32  and  the  cor- 
resjDonding  regression  lines  for  Postpubertal  girls 
in  figure  33.  There  were  fewer  data  for  the  Post- 
pubertal age  interval  than  for  the  School  Age  to 
Puberty  age  interval,  so  that  results  of  the  analy- 
sis are  less  conclusive.     However,  for  the  avail- 
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Table  17. — degression  coefficients  for  children  within  the  Preschool  and  School  Age  to  Puberty  age  intervals 

{data  for  boys  and  girls  combined) 


Ijocation 


Weight-for-height  classifi- 
cation 


Normal 


Overweight 


Preschool 


New  York  City 

Texas 

Colorado 


Northeast  Region: 

Massachusetts 

New  York  Citv 

Do 

New  York 

Do 

New  York  City 

North  Central  Region: 

Illinois  and  Ohio 

Illinois 

Michigan 

Do 

Kansas 

Southern  Region:  Texas 

Western  Region: 

Colorado 

Arizona 

Washington 

California 


Taylor  (n.p.) 

Lamb  (n.p.) 

Lewis  et  al.  (1937);  Duval  (1942) 


School  Age  to  Puberty 


Talbot  et  al.  (1937) 

Taylor  (n.p.) 

Topper  and  Mulier  (1929a,  1929b;  1932). 

Davenport  et  al.  (1939) 

Webster  et  al.  (1941) 

Bruch  (1939a,  1939b,  1942) 


Wang  (1934,  1939);  Wang  ct  al.  (1926,  1936). 

Morse  (n.p.) 

Maroney  and  Johnston  (1937) 

Hoobler  (n.p.) 

Harrison  (n.p.) 


Lamb  (n.p.) . 


Lewis  et  al.  (1937);  Duval  (1942). 

Thompson  (n.p.) 

Esselbaugh  (n.p.) 

Eichorn  (n.p.) 


2  1 

29 

76 

1 

19 

94 

1 

00 
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91 
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93 
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2 
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97 
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'  For  Literature  References,  see  section  XL 

2  Data  for  girls  only. 

3  Data  for  boys  only. 


able  data  within  the  Postpubertal  age  interval, 
the  slopes  of  the  regression  lines  for  boys  ^Yithin 
the  Normal  weight-for-height  classifieations  were 
significantly  steeper  than  the  corresponding  slope 
for  girls  in  three  (of  four)  locations  {see  appen- 
dix B,  table  25).  Hence,  the  data  could  not  be 
combined,  although  the  differences  between  the 
slopes  of  Overweight  boj's  and  girls  were  not  sig- 
nificantly different  for  any  of  the  three  locations 
having  data  for  both  sexes. 

Covariance  analysis  on  Postpubertal  boys  and 
girls  {see  appendix  B,  table  27)  indicated  that 
thex'e  w^as  a  significant  difference  in  the  slopes 
for  all  locations.  However,  when  the  locations 
were  divided  into  two  regions — Northeast-North 
Central  combined  and  Western — the  slopes  were 
not  significantly  different.  The  slopes,  on  the 
average,  appeared  to  be  less  steep  for  the  girls  in 
the  Western  region,  but  because  of  the  greater 
variability  of  the  Postpubertal  age  interval,  it 
was  difficult  to  make  any  conclusive  statements. 
The  locations  representing  the  boys  were  too 
limited  for  summarizing  by  regions. 


On  the  basis  of  climatic  conditions,  the  loca- 
tions representing  the  Northeast  and  North  Cen- 
tral regions  were  similar  (although,  the  mean  an- 
nual temperature  is  slightly  higher  in  Kansas) 
and  were  more  nearly  comparable  than  were  loca- 
tions- within  the  Western  region.  Meteorological 
records  indicate  that  Colorado  (Denver)  has  a 
lower  annual  temperature  and  a  lower  relative 
humidity  than  the  other  locations  in  the  Western 
region  and,  although  Arizona  (Tucson)  has  a 
low  relative  humiditj-,  the  annual  temperature  is 
much  higher.  California  (San  Francisco)  has  a 
somewhat  lower  annual  temperature  but  a  con- 
siderably higher  relative  humidity  than  Arizona 
(Tucson)  and,  whereas  the  relative  humidity  of 
Washington  is  more  nearly  comparable  to  that 
of  California,  the  annual  temperature  is  consid- 
erably lower.  Hence,  even  though  locations  may 
be  in  the  same  geographical  region,  the  annual 
temperature  and  relative  humidity  may  differ,  so 
that  it  appears  doubtful  that  differences  among 
the  regions  i-epresented  herein  can  be  explained 
by  climatic   conditions.     Altitude  was   not  con- 
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Figure  32. — Postpubertal  boys  withix  the  Normal  aistd  Overweight  weight-for-height  classifications  : 

lines  relating  basal  heat  production  to  weight. 

Sec  tables  6  and  9  for  sources  of  data  and  equations. 
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sidered  a  factor,  since  the  report  by  Lewis  ef  al. 
(1943b)  appeared  to  give  conclitsive  evidence 
that  lieat  production  is  not  alTected  by  ahitude. 

Because  the  slopes  within  any  region  were  not 
in  agreement  for  the  Scliool  Age  to  Puberty  age 
interval  (which  was  represented  by  the  most  loca- 
tions and  most  measurements),  and  because  no 
explanation  can  be  offered  for  the  slopes  which 
appeared  to  be  "out-of-line,"  we  were  not  justi- 
fied in  attempting  to  integrate  these  da^a  fur- 
ther. It  would  be  futile  to  make  any  estimates 
for  a  in  the  equation  (Y=a-|-bX)  relating 
heat  production  to  weight  so  as  to  determine  the 
elevation  of  the  regression  lines.  This  value 
would  be  different  for  boys  and  girls  and,  as 
shown  in  the  preceding  section,  would  be  slightly 
different  for  the  various  methods  of  computing 
the  "final"  heat  production  A-alues. 

Tlie  differences  in  elevation  of  the  regression 
lines  for  boys  and  for  girls  (within  the  School 
Age  to  Puberty  age  interval  and  Normal  Aveight- 
for-height  classification),  however,  may  be  esti- 
mated for  locations  in  which  the  slopes  were  ap- 
proximately equal  and  also  by  computation  of  the 
heat  production  for  a  specific  weight  from  the 
derived  equations.  For  the  locations  (Taylor, 
n.p. ;  Hoobler,'  n.p. ;  and  Lewis  et  al..  1037,  and 
Duval,  1042)  in  wdiich  the  slopes  of  regression 
lines  for  boys  and  girls  were  approximately  the 
same,  the  differences  in  the  Y-intercept  (value 
of  a  in  the  equation)  were  2.6,  2.6,  and  3.2  Calo- 
ries per  hour.  Values  of  approximately  the  same 
magnitude  Avere  obtained  from  the  difference  in 
lieat  production  computed  from  the  equations  for 
boys  and  girls,  using  a  weight  of  35  kilograms 


{see  last  two  columns  of  table  15).  Thus,  the 
regression  line  relating  heat  production  to  weight 
was  about  3  Calories  per  hour  higher  for'  the  boys 
within  the  School  Age  to  Puberty  age  interval 
and   Normal  weight-for-height   classification. 

The  equations  ^  derived  from  the  published 
data  of  Bierring  (1931)  and  Vogelius  (1945)  for 
Danish  boys  and  girls  within  the  School  Age  to 
Puberty  age  interval  and  Normal  weight-for- 
height  classification  have  substantiated  our  con- 
clusions that  the  slopes  of  the  regression  lines 
for  boys  and  girls  were  similar  and  that  the  ele- 
vation of  the  regression  line  was  approximately 
3  Calories  per  hour  higher  for  the  boys. 

The  difference  in  the  elevation  of  the  regres- 
sion lines  for  Overweight  boys  and  girls  (within 
the  School  Age  to  Puberty  age  interval)  was 
about  5  Calories  per  hour  higher  for  the  boys. 
However,  since  fewer  locations  were  represented 
for  Overweight  than  for  Normal  children  and 
because  there  was  a  greater  discrepancy  between 
the  slopes,  little  confidence  can  be  given  to  this 
estimate.  Although  the  slopes  of  the  combined 
data  (boys  and  girls)  on  Overweight  children 
appeared  to  be  less  steep  than  those  of  the  Nor- 
mal children  {see  table  17) ,  statistical  tests  in- 
dicated that  the  difference  was  'not  significant 
except  for  the  data  from  Topper  and  ]\[ulier 
(1020a,  1029b,  1032)  and  from  Eichorn  (n.p.). 
These  results  are  in  accordance  with  those  pre- 
sented in  section  VII  {see  table  11),  when  similar 

*Bovs:  Heat  production.  Cal./hr.=:22..3-|-0.88 (weight, 
kg. ) 

(Jirls:     Heat    production,    Cal./hr.=19.1-|-0.88  (weight, 

kg.). 
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Sec  tables  7  and  10  for  sources  of  data  and  equations. 
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comparisons  were  made  separately  for  each  sex. 

Theoretically,  we  should  be  able  to  estimate 
the  difference  in  elevation  of  the  regression  lines 
for  Normal  and  Overweight  children.  Such  an 
estimation  is  complicated  because  of  differences 
in  the  Aveight  range  covered  by  the  two  groups 
and  because  differences  in  slope,  although  sta- 
tistically insignificant,  cause  discrepancies.  Thus, 
a  comparison  of  the  regression  lines  of  Xormal 
and  OA'erweight  children  A^aries  according  to  the 
Aveight  used.  For  example,  heat-production 
values  comi^uted  for  a  Aveight  of  40  kilograms 
for  Normal  and  OA'erAveight  children  A^aried 
from  zero  to  about  10  Calories  for  the  locations 
represented. 

The  slopes  of  the  regression  lines  appeared  to 
be  significantly  different  for  boys  and  girls  in 
the  Postpubertal  age  interval.  But  because  the 
data  for  boys  for  this  age  group  Avere  limited, 


comparisons  betAveen  boys  or  girls  or  between 
Aveight-for-height  classifications  for  this  age  in- 
terA'al  could  not  be  made. 

It  is  obA'ious  that  before  further  integration 
of  the  available  data  on  heat  production  can  be 
made,  additional  data,  obtained  mider  conditions 
that  are  more  standardized  than  are  aA'ailable  at 
present,  are  needed.  It  is  desirable  that  the  age 
and  Aveight  range  of  boys  and  girls  measured  be 
more  comparable  among  the  locations  and  that  a 
greater  number  of  locations  be  represented  for 
each  geographical  region.  The  effect  of  climatic 
conditions  on  heat  production  can  then  be  ana- 
lyzed. Until  such  clata  are  available  to  serve  as 
a  basis  for  estimating  heat  production  of  children 
more  accuratelj',  heat  production  may  be  esti- 
mated from  Aveight  by  using  any  of  the  equa- 
tions derived  herein — the  choice  to  be  made  ac- 
coi'ding  to  similarity  of  region  and  procedure. 
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X. — Summary 


Basal  metabolic  data  from  18  investigators 
consisting  of  2,656  measurements  on  boys  from 
2  to  18  years  old  and  2,832  measurements  on  girls 
from  2  to  16  years  old  were  analyzed.  For  com- 
parative purposes,  additional  data  consisting  of 
68  measurements  on  boys  from  18  to  27  years  old 
and  -154  measurements  on  girls  from  16  to  24 
years  old  also  were  analyzed. 

A  preliminary  analysis  of  the  data  according 
to  lieiglit-weiglit-age  division  demonstrated  that 
the  traditional  method  of  relating  heat  produc- 
tion per  unit  of  body  surface  to  age  did  not  cor- 
rect for  differences  in  the  physical  size  of  the 
children.  The  average  basal  metabolism  of  chil- 
dren ''large  for  age"  was  lower  than  for  "aver- 
age" children,  whereas  the  metabolism  of  chil- 
dren "small  for  age"  was  higher. 

Chronological  age  is  not  a  satisfactory  refer- 
ence base  because  of  the  great  variation  in  size 
of  children  for  a  given  age.  Therefore,  a  sys- 
tem of  classifying  children  according  to  their 
weight  for  height  (disregarding  chronological 
age)   was  developed. 

This  classification  was  developed  by  plotting 
on  semilogarithmic  paper  the  50th  percentile 
values  from  the  Stuart-Meredith  height-weight 
standards.  The  straight  line  drawn  through 
these  values  was  used  to  represent  the  average 
relationship  between  weight  and  height  of  chil- 
dren 2  years  of  age  to  puberty.  From  this  aver- 
age line  it  was  estimated  that  weight  (in  Icilo- 
grams)  increased  at  a  constant  rate  of  1.8  percent 
for  each  centimeter  increase  in  height,  and  was 
approximately  the  same  for  boys  and  girls. 

Lines  at  designated  intervals  above  and  below 
the  average  line  were  used  to  separate  the  data 
for  children  into  the  following  six  weight-for- 
height  classifications:  Xormal  (within  plus  and 
minus  10%  of  the  average  line).  Stocky  (within 
+  10  and  +20%),  Overweight  (within  +20  and 
-[-40%),  Obese  (40%  or  more).  Slender  (within 
—  10  and  —20%),  and  Underweight  (—20%  or 
more ) . 

Although  thei'e  was  a  pronounced  upward 
trend  after  puberty  in  the  relationship  between 
weight  and  lieight  for  average  groups  of  girls, 
and  sometimes  for  boys,  this  trend  is  undesirable 
and  is  believed  to  be  a  distortion  caused,  in  part, 
by  the  tendency  for  the  percentage  of  fat  to  in- 
crease as  maturity  is  approached. 

From  the  age  curves  (plotted  from  longitudinal 


data)  it  was  concluded  that  basal  heat  produc- 
tion increases  during  the  prepubertal  growth 
spurt  but  parallels  the  increase  in  physical  size 
so  that  when  correlated  with  weight,  no  change 
in  the  rate  is  evident.  However,  changes  in  the 
basal  metabolic  rate  were  evident,  which  corre- 
sponded to  certain  physiological  changes,  and 
occurred  at  the  following  times: 

1.  At  4  or  5  years  of  age,  at  which  time  there 
is  a  corresponding  change  in  the  rate  of 
growth  in  height; 

2.  At  puberty,  which  also  corresponds  to  a 
change  in  the  growth  rate  of  height ;  and 

3.  Following  puberty,  at  which  time  the 
basal  metabolic  rate  varies  considerably 
for  several  years  until  physiological  ma- 
turity is  reached,  after  which  it  appears  to 
become  more  stabilized. 

These  changes  in  the  basal  metabolic  rate  were 
the  basis  for  separating  the  data  into  the  follow- 
ing physiological  age  intervals :  Preschool,  School 
Age  to  Puberty,  and  Postpubertal. 

For  each  physiological  age  interval  and  weight- 
for-height  classification,  linear  equations  relating 
basal  heat  production  (Calories  per  hour)  to 
weight  were  derived  separately  for  the  available 
data  from  each  location  (or  investigator).  From 
these  linear  equations  it  was  concluded  that: 

1.  The  increase  in  basal  heat  pi'oduction 
(Cal./hr.)  per  unit  of  incx^ease  in  weight 
is  greatest  for  the  Preschool  and  least  for 
the  Postpubertal  age  interval;  the  eleva- 
tion of  the  regression  line  for  the  Post- 
pubertal interval  lies  between  the  regres- 
sion line  for  the  School  Age  to  Puberty 
age  interval  and  the  regression  line  for  the 
older  age  interval. 

2.  The  equations  relating  basal  heat  produc- 
tion (Cal./hr.)  to  weight  are  the  same  for 
children  in  Normal  and  Slender  weight- 
for-height  classifications  and  the  same  for 
childi'en  in  Stocky  and  Overweight  classi- 
fications. Data  for  Underweight  and 
Obese  children  were  inadequate  for 
analysis. 

3.  The  regression  lines  relating  basal  heat 
production  to  weight  for  Overweight  chil- 
dren are  parallel  to  regression  lines  for 
children  in  the  Xormal  weight-for-height 
classification  but  are  at  lower  elevations. 
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4.  The  slopes  of  the  regression  lines  for  boys 
and  girls  within  the  Preschool  and  School 
Age  to  Puberty  age  intervals  are  the 
same,  but  the  elevation  of  the  regression 
lines  is  lower  for  the  girls.  For  the  Nor- 
mal weight-for-height  classification  and 
School  Age  to  Puberty  age  interA-al  the 
elevation  of  the  regression  line  relating 
basal  heat  production  to  weight  is  approxi- 
mately 3  Calories  per  hour  higher  for  the 
boys  than  for  the  girls. 

Additional  analyses  indicated  that  regi'ession 
equations  were  comparable  whether  derived  from 
cross-sectional  or  longitudinal  data ;  whether  de- 
rived from  data  for  individual  children  measured 
at  different  chronological  ages,  for  many  chilch'en 
of  different  ages,  or  for  many  children  of  ap- 
proximately the  same  age  but  of  different  weights. 
The  regression  lines  derived  by  the  various  meth- 
ods currently  used  for  selecting  values  to  report 
basal  metabolic  measurements  Avere  parallel  (had 
some  slopes)  but  were  at  different  elevations.  The 
elevation  of  the  regression  lines  derived  from 
using  the  mean  of  all  tests  were  significantly 
higher  than  the  regression  lines  derived  from 
using  the  lowest  test. 

Integration  was  impossible,  owing  to  significant 
differences  among  the  slopes  of  the  recrression 
lines  within  each  geographical  region.  We  have 
no  explanation  for  these  differences  but  are  of 
the  opinion  that  differences  in  weight  range, 
along  with  a  skewed  distribution  (or  scatter)  of 
some  of  the  data  included  in  the  various  studies 
analyzed,  caused   a   distortion  in  the   regression 


lines.  In  spite  of  the  disagreement  Avithin  re- 
gions, the  slopes  of  most  of  the  regression  lines 
were  steepest  for  data  from  the  Northeast  region 
and  flattest  for  the  Western  region. 

Additional  data  from  more  locations  are  needed 
before  equations  can  be  derived  for  estimating 
heat  production  of  children  in  different  weight- 
for-height  classifications  within  physiological  age 
intervals  which  Avill  be  applicable  to  a  gi^-en  re- 
gion or  climate  Avithin  the  United  States.  Basal 
metabolic  measurements  are  equally  satisfactory 
Avhether  obtained  by  the  open-  or  closed-circuit 
apparatus,  but  it  is  important  that  experience  or 
training  of  the  children  and  method  of  selecting 
a  value  for  rejoorting  basal  metabolic  results  be 
standardized. 

On  the  basis  of  results  obtained  from  analyzing 
individiial  test  data,  it  is  recommended  that  pre- 
liminary testing  (Avhich  need  not  be  made  under 
post-absoriDtiA^e  conditions)  be  made  on  inexperi- 
enced children  in  order  to  familiarize  them  Avith 
the  apparatus  and  to  promote  relaxation.  Be- 
cause of  individual  differences  in  adaptation  to 
the  procedure  there  can  be  no  set  rule  as  to  how 
man}'  tests  should  be  obtained.  However,  tests 
on  at  least  tAvo  mornings  should  be  made  in  order 
to  be  certain  that  the  result  is  reliable  and  that 
apprehension,  or  some  other  disturbance,  has  not 
affected  the  results.  If  the  test  on  the  second 
test  morning  is  substantially  lower  than  that  on 
the  first  test,  it  Avould  be  desirable  to  repeat  the 
test  for  a  third  morning.  With  exception  of  ex- 
treme values,  which  should  be  omitted,  the  final 
value  to  be  reported  should  be  the  mean  of  all 
tests. 
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XII. — Appendix  A. — Supplemental  Analysis  of  Data 


As  mentioned  in  section  IV,  the  Stuart- 
Mereclitli  (1946)  height -weight  standards  for 
children  5  to  18  years  of  age  were  used  (no  at- 
tempt was  made  for  separatmg  data  for  children 
below  5  or  above  18  j^ears)  as  a  basis  for  separat- 
ing the  data  for  children  into  height -weight-age 
divisions.  According  to  the  percentile  with  which 
the  height  and  Aveight  for  a  given  age  of  the 
child  corresponded,  the  following  five  height- 
weight-age  divisions  Avere  established  (insufficient 
data  were  available  for  a  further  break-down  for 
the  "overweight"  and  "underweight''  children 
into  tall,  average,  or  short  m  height  for  age). 

Dkision                      Percentile  for  height  Percentile  for  weight 

Average 25th  up  to  50th.  _  10th  up  to  75th. 

50th  up  to  75th.  _  25th  up  to  90th. 

Large 75th  up  to  90th  _  _  50th  and  above. 

90th  and  above.  _  75th  and  above. 

Small Below  the  10th...  Below  the  25th. 

10th  up  to  25th. .  Below  the  50th. 

Overweight Below  the  10th...  25th  and  above. 

10th  up  to  25th. .  50th  and  above. 

25th  up  to  50th. .  75th  and  above. 

50th  up  to  75th. .  90th  and  above. 

Underweight 25th  up  to  50th. .  Below  the  10th. 

50th  up  to  75th. .  Below  the  25th. 

75th  up  to  90th.  .  Below  the  50th. 

90th  and  above. .  Below  the  75th. 

SURFACE  AREA  IN  RELATION  TO  AGE 

These  height-weight-age  divisions  provided  a 
means  of  testing  the  assumption  that  body  sur- 
face corrects  for  differences  due  to  body  size. 
Average  values  for  height,  weight,  and  basal  heat 
production  for  each  of  the  five  divisions  in  which 
there  were  at  least  10  measurements  Avithin  any 
6-month  age  interval  are  given  in  tables  18  and 
19.  These  tables,  and  also  figure  8-1,  indicate  that 
for  a  given  location  heat  production  per  unit  of 
body  surface  related  to  age  Avas  not  the  same  for 
all  height-Aveight-age  diA'isions;  that  is,  body  sur- 
face as  a  reference  base  did  not  compensate  for 
differences  in  body  size.  The  large  children  had 
a  lower  and  the  small  children  a  higher  heat  pro- 
duction per  unit  of  body  surface  than  children 
of  average  height  and  Aveight  of  the  same  age 
(figure  34,  left  sections).  OA-erweight  boys  had 
a  higher  and  underweight  boys  a  lower  heat  pro- 
duction per  unit  of  body  surface  than  average 
boys  of  tlie  same  age  (figure  .3-4,  loAA'er  right  sec- 
tion). A^o  consistent  difference  betAveen  the  data 
for  overAveight  and  underweight  girls  Avas  evi- 


dent. (Since  the  overAveight  and  underweight 
groups  were  composed  of  children  that  Avere 
either  tall,  average,  or  short  for  their  age,  there 
Avere  greater  variations  and  discrepancies  be- 
tAveen  age  inter A-als.) 

Although  it  is  shown  in  figure  34  that  there  Avas 
little,  if  any,  difference  in  heat  production  (Cal./ 
sq.m./hr.)  for  the  three  curA^es  between  ages  12 
and  14  years  in  the  boj^s  and  11  and  13  years  in 
the  girls,  this  Avas  due  to  an  increase  in  heat  pro- 
duction for  the  large  children  in  contrast  Avith 
the  other  tAvo  curves  which  continued  to  decline 
for  the  girls  or  remained  almost  constant  for  the 
boys.  This  increase  in  heat  production  of  large 
children  during  this  age  interval  was  probably 
related  to  their  early  acceleration  in  physical 
growth  during  this  period. 

Figure  35  shows  that  heat  production  (Cal./ 
sq.m./hr.)  Avas  not  the  same  for  children  Avithin  a 
given  height- weight-age  diAasion  (average,  large, 
or  small)  measured  hj  different  investigators. 
Thus,  the  aA^erage  heat  production  (Cal./sq.m./ 
hr.)  for  a  given  age  was  lower  for  i*^ew  York 
(Davenport  et  al.,  1939)  and  Colorado  (LeAvis 
et  al,  1937;  DuA-al,  1942)  boys  than  for  California 
(Eichorn,  n.p.)  and  New  York  City  (Taylor, 
n.p.)  boys.  LikeAvise,  the  aA^erage  heat  produc- 
tion Avas  lower  for  girls  from  NeAv  York  (Daven- 
port et  al..  1939),  and  Arizona  (Thompson,  n.p.) 
than  for  girls  from  California  (Eichorn,  n.p.). 

INFLUENCE  OF  ECONOMIC 
BACKGROUND 

As  indicated  in  section  IV,  aA-erage  height  and 
Aveight  of  children  of  a  given  age  Avas  markedly 
different  for  children  measured  by  several  in- 
vestigators Avithin  the  same  locality.  The  socio- 
economic background  of  the  chilclren  measured 
differed  considerably  and  pointed,  to  the  possi- 
bility that  environmental  conditions  might  have 
influenced  the  size  of  the  children.  Thus,  the 
available  data  from  three  investigators  Avere 
separated  into  groups  reflecting  differences  in 
economic  levels. 

The  average  height,  Aveight,  and  basal  heat  pro- 
duction (Calories  per  unit  of  surface  area)  in  rela- 
tion to  age  for  children  representing  different 
economic  backgrounds  in  NeAv  York  City   (Tay- 
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Figure  34. — Children  ix  different  height-weight-age  divisions:     Basal  heat  production  per  unit  of  body  surface. 

Colorado  cliildren  are  divided  into  "small,"  "average,"  or  "large"  on  the  basis  of  height  and  weight  for  age,  and 
California  children  as  "overweight,"  "average,"  or  "underweight."  Data  for  Colorado,  from  Lewis,  Kinsman,  and 
Iliff  (1937)  and  Duval  (1942)  :  for  California,  from  Eichorn  (n.p. ).     Numerical  values  are  presented  in  tables  18  and  19. 


lor,  n.p.)  are  shown  in  figure  36.  Both  the  boys 
and  girls  from  institutions  (considered  a  low 
economic  level)  were  decidedly  shorter  and 
weighed  less  than  the  children  of  the  same  age 
from  tlie  Teachers'  College  schools  and  the  paro- 
chial school  (considered  to  be  on  a  higher  eco- 
nomic level).  The  boys  attending  the  parochial 
school  were,  on  the  average,  shorter  and  weighed 
less  than  those  from  the  Teachers'  College  schools. 
However,  there  was  no  consistent  difference  in  the 
size  of  the  girls  from  these  schools  throughout 
the  entire  age  span.  Heat  production  per  unit  of 
body  surface  also  was  lower  in  the  boys  from  the 
institutions  but  no  consistent  difference  between 
groups  was  found  in  the  girls. 

Data  by  Eichorn  (n.p.)  on  California  boys  and 
girls  were  separated  into  thi^ee  socio-economic 
classes  on  the  basis  of  standard  scores  (an  average 
of  standard  scores  for  three  ratings  of  home  and 
neighborhood).  Children  Avith  socio-economic 
scores  between  45  and  55  Avere  considered  to  haA'e 
an  average  socio-economic  status,  while  children 


with  scores  below  45  were  designated  as  having  a 
poorer  than  average  status  and  children  above  55 
had  a  better  than  average  status.  Figure  37  shows 
the  average  height,  weight,  and  basal  heat  pro- 
duction (Calories  per  unit  of  surface  area)  in 
relation  to  age  for  the  three  socio-economic 
classes.  Boys  Avith  poorer  than  average  socio- 
economic scores  Avere,  on  the  aA^erage,  slightly 
shorter  but  Aveighed  approximately  the  same  as 
those  in  other  socio-economic  classes,  Avhereas 
girls  Avith  poorer  than  average  socio-economic 
scores  Avere  decidedly  heaviest.  Heat  production 
per  unit  of  body  surface  fluctuated  considerably ; 
hoAvever,  boys  Avith  better  than  aA'erage  socio- 
economic scores  had  a  slightly  higher  metabolic 
rate  than  the  other  groups. 

Tlie  percentage  distribution  of  children  in  the 
five  height-Aveight-age  divisions  differed  for  the 
groups  reflecting  different  economic  levels. 
Groups  reflecting  a  Ioav  economic  level  tended  to 
haA'e  a  greater  percentage  of  OA-erAveight  and 
small  children  than  the  groups  reflecting  a  higher 
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economic  level.  This  is  shown  in  table  20  from 
data  by  Taylor  (n.p.)  on  Xew  York  City  children 
from  institutions  (low  economic  level)  and  from 
the  Teachers"  College  schools  (higher  economic 
level)  ;  from  data  by  ISIorse  (n.p.)  on  Chicago 
boys  from  the  Settlement  House  and  Boys"  Club 


as  compared  Avith  boys  from  the  Hyde  Park 
Xeighborhood  House  or  sons  of  University  staff 
(reflecting  a  higher  economic  level)  ;  and  from 
data  by  Eichorn  (n.p.)  in  which  the  percentage 
distribution  of  three  socio-economic  classes  of 
California  children  are  compared. 
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FiGUUE  S-"). — California  boys  and  girls  in  the  "average,"  "large,"  and  "small"  height-weight-age  divisions  compared 
WITH  similar  divisions  of  children  in  other  localities  :     Basal  heat  production  per  unit  of  body  surface. 

Date  for  New  York  City,  from  Taylor  (n.p.)  :  for  New  York,  from  Davenport,  Renfroe,  and  Hallock  (1941)  ;  for 
Colorado,  from  Lewis,  Kinsman,  and  Iliff  (19.37)  and  Duval  (1942)  :  for  Arizona,  from  Thompson  (n.p.)  ;  for  Wash- 
ington, from  Esselbaugh  (n.p.)  ;  for  California,  from  Eichorn  (n.p.).  Numerical  values  are  presented  in  tebles  18 
and  19. 
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Figure  36.— Three  groups  of  New  York  City  children,  s  to  14  years  old.  reflecting  different  economic  levels: 
Weight,  height,  and  basal  heat  production  per  unit  of  body  surface. 

Data  from  Taylor  (n.p.). 
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Table  IS. — Boys:  Average  heat  production 


Average 

Large 

Small 

Age  in  years 

Measure- 
ments 

Weight 

Height 

Heat  production 

Meas'ire- 
ments 

Weight 

Height 

Heat  production 

Measure- 
ments 

Weight 

New  York  City  (Taylor  n.p.) 

9H 

Nibmber 
11 
16 
4 
6 
5 
6 

Kq. 
31.6 
33.2 
33.8 
35.1 
39.1 
42.5 

Cm. 
137.9 
139.8 
139.6 
145.3 
147.3 
149.2 

Cal.lkr. 
51.8 
50.5 
52.2 
52.7 
59.3 
60.9 

Caljsq. 

m./hr. 
46.9 
44.2 
45.7 
44.0 
46.5 
45.8 

Number 
5 
6 
4 
5 
3 
4 

Kg. 
37.0 
40.0 
39.7 
43.8 
53.5 
51.4 

Cm. 
144.7 
146.7 
149.7 
152.6 
153.8 
156.4 

Cal.lhT. 
54.9 
54.4 
57.8 
59.2 
66.8 
69.0 

Cal.lsq. 

m./hr. 
45.0 
42.6 
44.7 
43.0 
44.7 
46.4 

Number 
8 
2 
6 
4 
9 
10 

Kg. 
21.  i 
26.3 
29.3 
31.0 
31.5 
33.2 

10                   

WA 

11            

11}^ 

12            --- 

New  York  City  (Topper  and  Mulier,  1929a,  1929b,  1932) 

10 

0 
0 
2 
0 

0 
0 
0 

1 

5 
4 
2 
6 

24.2 
27.5 
31.0 
33.9 

12 

13 

41.5 

158.0 

57.5 

41.8 

nVo 

69.0 

165.0 

67.0 

38.1 

Xew  York  (Davenport,  Renfroe,  and  Hallock,  1939) 

10          

1 
4 
6 
9 
10 
10 
4 
5 

32.8 
35.5 
39.6 
42.9 
48.4 
53.6 
54.9 
60.3 

137.0 
141.5 
146.8 
152.4 
159.4 
165.0 
168.8 
170.6 

49.8 
46.8 
51.0 
56.1 
59.6 
63.0 
65.4 
66.2 

44.5 
39.6 
40.3 
41.4 
40.5 
40.0 
40.3 
38.9 

0 
0 
0 
0 
0 
0 

1 

0 

8 
16 
25 
28 
30 
25 
23 
11 

25.6 
28.6 
30.4 
33.0 
37.3 
41.2 
47.1 
47.3 

11 

12 

13 -. 

14 -  -         .     - 

15 

[6            

60.0 

177.0 

58.5 

33.4 

17 

Xew  York  (Webster,  Harrington,  and  Wright,  1941) 

12 

9 
9 
3 
6 
6 
7 
4 
4 

40.3 
40.6 
46.8 
46.2 
50.5 
53.1 
57.2 
58.2 

149.6 
152.1 
156.4 
158.4 
161.3 
164.0 
168.6 
169.0 

56.4 
54.9 
56.2 
60.4 
62.4 
70.5 
70.5 
72.9 

43.6 
41.7 
39.2 
42.2 
41.7 
45.4 
43.1 
44.1 

0 

1 

2 
1 
1 
1 
2 
2 

1 
2 
4 
4 
1 
2 
2 
2 

29.7 
31.0 
36.0 
38.4 
35.2 
37.7 
41.0 
43.6 

12H 

13 

45.0 
52.8 
55.2 
58.4 
63.8 
66.6 
68.0 

157.5 
161.4 
167.6 
170.2 
174.0 
173.7 
175.9 

62.9 
67.0 
75.3 
82.7 
81.6 
74.6 
77.0 

44.6 
43.6 
46.8 
49.6 
46.6 
42.0 
42.4 

13i« 

14 

14}^ 

15 

5H 

Illinois  (Morse,  n.p.) 

llH 

4 
7 
4 
6 
4 

33.7 
38.4 
49.0 
50.9 
59.2 

144.9 
151.3 
162.6 
163.5 
171.2 

52.4 
58.2 
66.8 
68.2 
69.8 

44.6 
45.2 
44.2 
44.4 
41.2 

2 
1 
4 
3 

0 

46.3 
43.0 
54.4 
65.5 

160.4 
158.1 
171.5 
177.9 

69.2 
56.2 
75.0 
76.4 

47.4 
40.4 
46.2 
42.3 

2 
3 
5 
2 
3 

32.0 
34.5 
42.9 
43.5 
49.4 

12H-- - 

14. ._ 

14H 

16 

Colorado  (Lewis,  Kinsman,  and  niff  (1937);  Duval,  1942) 

5 

28 

27 

25 

27 

27 

23 

30 

30 

19 

19 

18 

13 

14 

9 

12 

8 

13 

9 

7 

6 

4 

3 

19.3 
20.3 
21.3 
22.5 
23.7 
25.7 
27.4 
28.7 
30.3 
31.2 
32.3 
33.5 
35.9 
37.6 
37.7 
41.5 
41.5 
43.0 
45.4 
52.6 
53.3 
51.8 

111.4 
114.6 
117.6 
120.8 
124.1 
127.7 
130.8 
133.3 
136.0 
137.3 
140.5 
142.0 
144.8 
146.8 
150.6 
151.7 
154.9 
159.0 
161.9 
167.4 
168.5 
170.4 

39.4 
40.9 
41.8 
42.5 
43.7 
45.0 
45.7 
46.8 
48.4 
48.2 
49.8 
48.9 
52.5 
52.5 
53.1 
56.0 
55.6 
56.7 
60.1 
65.0 
69.8 
64.4 

51.2 
51.1 
50.1 
48.9 
48.2 
47.1 
45.8 
45.3 
45.2 
44.0 
44.0 
42.3 
43.4 
42.1 
41.8 
42.2 
41.2 
40.8 
41.5 
41.1 
43.7 
40.4 

8 

10 

14 

11 

13 

10 

10 

10 

7 

7 

5 

9 

4 

6 

4 

6 

4 

2 

4 

2 

2 

4 

20.6 
22.8 
23.6 
25.5 
26.5 
29.0 
30.6 
31.1 
33.5 
35.8 
37.0 
38.1 
41.8 
42.0 
44.8 
48.6 
53.4 
61.8 
60.0 
66.6 
55.4 
59.9 

116.0 
120.  2 
123.6 
127.4 
129.5 
133.1 
136.0 
138.8 
141.8 
144.5 
146.4 
148.9 
152.4 
154.9 
156.1 
161.2 
165.0 
172.4 
173.1 
175.6 
175.2 
176.6 

39.9 
42.3 
43.6 
45.3 
45.7 
48.6 
48.9 
47.1 
49.1 
50.3 
50.6 
52.7 
52.5 
54.1 
59.4 
61.0 
66.6 
73.0 
69.9 
71.8 
62.6 
66.2 

48.9 
48.5 
48.4 
47.6 
46.7 
46.8 
45.4 
42.7 
42.5 
41.6 
40.8 
41.5 
39.2 
40.0 
42.6 
41.0 
42.5 
42.2 
40.7 
39.6 
37.4 
38.1 

5 
9 
4 
3 
4 
6 
7 
7 
10 
8 

9 
9 
7 
3 
9 
6 
4 
5 
5 
3 
2 

17.7 
18.0 
18.6 
18.1 
18.6 
21.7 
21.8 
22.8 
24.5 
25.1 
26.9 
28.1 
28.6 
30.1 
30.6 
33,6 
35.2 
36.7 
39.1 
40.5 
44.4 
47.9 

5J4 

)  ... 

6H 

7 

714  .     -. 

3 

3V« 

3._ ._ ___ 

Wo     .       . 

:o 

lOH 

ii _ 

nVi 

2 

12H 

:3 

13M 

14 

14H 

15  - 

15H 

j or  jive  height-weight-age  divisions 


Small— Continued 

Overweight 

Underweight 

Total 

Height 

Heat  production 

Measure- 
ments 

Weight 

Height 

Heat  production 

Measure- 
ments 

Weight 

Height 

Heat  production 

Measure- 
ments 

Xew  York  City  (Taylor,  n. p.)— Continued 

Cm. 
130.7 
129.8 
135.3 
134.5 
138.5 
140.  2 

Cal.lhr. 
47.8 
41.8 
47.3 
48.4 
50.4 
50.4 

Cal.lsq. 

m./hr. 
47.7 
42.6 
44.7 
44.7 
45.4 
44.0 

Niimher 
1 
2 
3 
4 
3 
7 

Kg. 
31.5 
33.5 
38.4 
40.9 
42.9 
49.4 

Cm. 
133.5 
135.  8 
135.1 
139.2 
143.0 
145.4 

Cal.lhr. 
48.6 
54.0 
49.2 
51.8 
.55.9 
59.7 

Cal.lsq. 

m.jhr. 
45.0 
48.4 
41.9 
42.0 
43.2 
43.0 

Number 
1 
1 
2 
0 
0 
0 

Kg. 
32.0 
35.7 
28.8 

Cm. 
147.3 
148.3 
140.8 

Cal.lhr. 
55.0 
53.1 
47.2 

Cal.lsq. 

m.fhr. 
47.4 
42.8 
43.9 

Number 
26 
27 
19 
19 

20 

27 

N 

ew  York  City  (Topper  and  Mulier,  1929a,  1929b,  1932)— Continued 

129.8 
136.2 
134.5 
135.5 

40.3 
43.2 
49.2 
48.5 

42.6 
41.7 
45.7 
43.0 

i 

3 

52.9 
51.3 
62.8 
49.3 

143.1 
143.8 
153.6 
150.0 

50.3 
51.0 
62.9 
62.3 

36.1 
36.5 
39.2 
44.0 

0 
0 
1 

0 

12 

17 

45.0 

165.0 

56.0 

38.1 

10 
10 

Xew  York  (Davenport,  Renfroe,  and  Hallock,  1939)— Continued 

125.1 
132.0 
136.4 
140.3 
145.5 
151.4 
158.1 
158.4 

43.4 
44.7 
44.7 
48.4 
50.6 
53.9 
58.4 
57.0 

46.1 
43.5 
41.4 
42.5 
41.2 
40.8 
40.5 
39.4 

2 
4 
3 

4 
1 

1 
0 

1 

35.2 
36.7 
37.2 
39.6 
47.8 
53.3 

136.6 
138.9 
142.0 
144.3 
152.0 
157.0 

51.6 
49.0 
50.9 
54.4 
56.5 
62.0 

44.8 
41.3 
42.0 
43.1 
39.8 
40.8 

0 

1 

2 
1 
0 
0 
1 
1 

11 

28.3 
30.2 
31.4 

145.0 
147.5 
151.7 

41.1 
47.2 
41.4 

37.4 
41.5 
35.1 

25 
36 
42 
41 

36 

47.9 
52.3 

170.7 
171.7 

66.5 
64.6 

43.2 
40.4 

29 

59.4 

164.0 

64.6 

39.2 

18 

New  York  (Webster,  Harrington,  and  Wright,  1941)— Continued 

136.8 
141.0 
145.6 
149.0 
150.2 
150.6 
155.8 
158.3 

53.0 
49.8 
53.4 
56.4 
49.0 
61.7 
60.0 
64.2 

49.6 
44.6 
44.2 
44.6 
39.8 
48.6 
44.6 
45.  H 

0 
2 
0 
2 
3 
1 
3 
2 

2 
0 
1 
0 
0 
0 
0 
0 

32.2 

146.7 

50.0 

43.0 

12 

41.7 

146.4 

52.4 

40.4 

14 

34.5 

152.4 

49.2 

39.7 

10 

48.8 
54.8 
51.4 
62.5 
60.4 

152.9 
158.4 
153.0 
162.7 
161.4 

57.2 
59.9 
54.9 
67.7 
66.7 

40.2 
39.1 
37.6 
40.8 
41.0 

13 

11 

11 

U 

10 

Illinois  (Morse,  n.p.) — Continued 

141.6 
142.9 
153.5 
156.8 
163.0 

52.7 
54.7 
58.0 
68.5 
68.6 

46.6 
46.7 
42.5 
49.1 
45.3 

1 
1 

2 
1 
2 

33.9 
50.9 
53.0 
51.7 
64.2 

137.8 
149.0 
158.8 
151.3 
165.0 

53.8 
66.6 
66.6 
72.4 
68.5 

47.2 
46.6 
44.0 
49.6 
40.4 

1 

0 

1 
1 

1 

37.6 

156.5 

54.4 

41.5 

10 

12 

47.7 
44.9 
62.3 

168.6 
166.1 
179.7 

61.4 
65.4 
71.5 

40.4 
45.1 
39.9 

16 
13 
10 

Colorado  (Lewis,  Kinsman,  and  HiS  (1937);  Duval,  1942)— Continued 

107.1 
110.2 
113.1 
116.1 
118.6 
121.3 
123.9 
125.6 
128.3 
131.2 
133.0 
135.1 
137.4 
139.2 
141.2 
143.9 
145.4 
147.8 
150.4 
153.8 
156.1 
160.7 

37.7 
37.4 
38.2 
38.0 
39.0 
42.1 
42.4 
43.3 
45.  3 
43.1 
45.5 
45.6 
45.3 
45.4 
47.7 
48.7 
50.2 
50.  4 
56.4 
55.2 
59.0 
60.2 

52.4 
50.5 
49.8 
49.2 
48.9 
49.0 
48.5 
48.1 
48.2 
44.7 
45.5 
44.0 
43.0 
41.7 
43.0 
41.5 
41.7 
40.6 
43.7 
41.6 
42.2 
40.7 

0 
0 
0 

1 
1 
1 

1 

0 

1 

2 
2 

0 
0 
0 
0 
0 

1 

1 

0 
0 
0 

8 
8 

11 
8 
4 
5 
6 
6 
5 

12 
6 
7 
5 
5 
4 
5 
1 
0 
2 
4 
1 
2 

17.7 
19.5 
20.1 
21.5 
22.6 
24.2 
25.5 
25.4 
25.8 
28.2 
29.9 
30.6 
31.5 
32.7 
33.7 
35.0 
34.0 

112.6 
117.0 
119.3 
122.2 
125.4 
129.3 
132.7 
134.0 
135.3 
139.5 
142.7 
143.8 
146.5 
147.9 
150.7 
152.5 
151.6 

38.2 
40.7 
39.7 
41.7 
43.8 
43.8 
44.2 
44.1 
46.6 
47.0 
47.5 
47.6 
48.6 
48.8 
46.2 
50.7 
52.1 

51.0 
50.8 
48.5 
48.6 
49.1 
46.5 
45.2 
44.9 
46.6 
44.4 
42.8 
42.4 
42.2 
41.4 
38.2 
40.8 
42.6 

49 

54 

54 

24.3 
24.9 
27.2 
30.8 

116.6 
120.2 
122.7 
125.9 

42.3 
45.9 
45.6 
48.7 

48.3 
50.8 
48.0 
47.5 

50 
49 
45 
54 
53 

34.5 
38.8 
39.2 
36.6 

135.2 
139.3 
140.8 
139.8 

48.7 
56.4 
53.9 
51.6 

43.1 
46.2 
43.6 
43.4 

42 
48 
38 
40 
32 

27 

23 

28 

24 

59.9 
60.3 

160.5 
162.6 

68.3 
66.2 

42.2 
40.2 

16 

45.8 
47.0 
47.4 
50.6 

166.0 
169.3 
168.7 
174.0 

60.2 
59.1 
60.0 
63.9 

40.7 
39.0 
39.5 
39.9 

19 

17 

10 

11 
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Table  18  — 

-Boys: 

Average 

heat  production 

Average 

Large 

Small 

Age  in  years 

Measure- 
ments 

Weight 

Height 

Heat  production 

Meas'Te- 
ments 

Weight 

Height 

Heat  production 

Measure- 
ments 

Weight 

Washington  (Esselbaugh,  n.p.) 

U14  

Number 
12 
10 

9 
12 

2 

Kg. 
54.5 
55.0 
58.0 
61.0 
58.5 

Cm. 
168.0 
171.0 
169.7 
171.6 
171.9 

Cal.lhT. 
67.1 
67.0 
66.8 
63.4 
65.0 

CrJ.lsq. 

m.lhr. 
41.6 
41.2 
40.0 
36.9 
38.5 

Number 
10 
4 
7 
15 
5 

Kg. 
67.0 
62.8 
67.0 
75.9 
67.6 

Cm. 
178.7 
177.9 
178.9 
181.2 
179.5 

Cal.lhr. 
71.8 
67.3 
70.8 
74.9 
68.3 

Col.lsq. 

m.lhr. 
39.2 
37.8 
38.5 
38.3 
36.8 

Number 
3 
4 
6 
1 
0 

Kg. 

46.1 
49.9 
48.4 
49.5 

15               

15'^4 

16                 - 

16H     

California  (Eichorn,  n.p.) 

10          

6 
7 
16 
22 
25 
18 
19 
18 
19 
17 
14 
12 
9 
6 

32.7 
36.6 
40.0 
41.4 
42.8 
44.9 
47.7 
51.0 
52.3 
55.3 
59.1 
60.4 
60.6 
61.7 

140.2 
146.9 
150.0 
152.0 
155.5 
159.8 
162.0 
165.7 
166.8 
170.  9 
172.6 
174.1 
174.2 
176.9 

49.4 
51.6 
58.2 
58.7 
59.8 
62.0 
63.9 
66.2 
67.4 
70.1 
71.4 
72.7 
77.1 
71.0 

43.7 
41.9 
44.8 
44.1 
43.5 
43.2 
43.0 
42.5 
42.8 
42.6 
42.0 
42.0 
44.5 
40.1 

6 
3 

5 
7 
8 
8 
9 
11 
14 
12 
13 
11 
19 
9 

41.2 
42.8 
43.3 
48.4 
51.2 
55.4 
57.5 
60.9 
65.0 
65.3 
65.6 
68.5 
69.0 
69.7 

150.9 
155.0 
158.0 
159.9 
164.4 
170.0 
172.5 
175.6 
176.7 
179.2 
180.6 
181.8 
181.6 
183..1 

59.2 
60.5 
61.5 
64.8 
67.3 
72.0 
71.3 
73.7 
73.3 
71.4 
73.4 
76.7 
75.0 
78.2 

45.0 
44.1 
44.3 
44.0 
43.6 
44.0 
42.3 
42.1 
40.7 
39.0 
39.9 
40.7 
39.7 
40.9 

1 
4 
11 
9 
11 
10 
13 
12 
13 
6 
8 
2 
4 
3 

27.4 
32.2 
32.0 
34.1 
34.4 
37.8 
40.0 
43.0 
44.5 
49.0 
49.4 
49.6 
51.3 
51.7 

IIH 

12--_ 

12V^ _. 

13 

13'^ 

14 

WA - 

15                          -     -- 

154 

16 -- 

WA 

17 

17}^ 

Table  19.— 

Girls: 

Average 

heat  production 

Average 

Large 

Small 

Age  in  years 

Meas'ire- 
ments 

Weight 

Height 

Heat  production 

Meas'ire- 
ments 

Weight 

Height 

Heat  production 

Measure- 
ments 

Weight 

Massachusetts  (Talbot,  Wilson,  and  Worcester,  1937) 

nvi 

Number 
4 

Kg. 
43.4 

Cm. 
150.0 

Cal.lhr. 
60.7 

Cal.lsq. 
m.lhr. 
45.3 

Number 
4 

Ka. 
53.0 

Cm. 
160.4 

Cal.lhr. 
67.7 

Cal.lsq. 
m.lhr. 
44.0 

Number 
1 

Kg. 
33.3 

New  York  City  (Taylor,  n.p.) 

'sH 

1 
5 

12 

14 

8 

9 

9 

11 

10 

1 

3 

27.2 
28.4 
31.8 
33.0 
33.6 
36.7 
38.5 
41.2 
44.5 
47.6 
49.6 

133.9 
132.5 
135.5 
138,4 
140.8 
143.3 
148.1 
150.6 
154.2 
156.5 
159.0 

41.7 
48.2 
48.0 
49.2 
49.0 
52.6 
52.6 
56.0 
57.0 
65.6 
54.3 

40.9 
47.0 
43.9 
43.5 
42.3 
43.4 
41.4 
42.4 
41.1 
45.2 
36.5 

5 
3 

7 
6 
7 
4 
8 
7 
1 
3 
2 

36.0 
36.9 
38.2 
39.8 
43.9 
47.7 
51.7 
51.2 
55.3 
56.8 
59.0 

140.9 
138.8 
144.3 
148.5 
150.2 
152.8 
156.1 
159.9 
161.2 
165.4 
168.8 

50.7 
50.3 
51.4 
52.7 
57.8 
56.3 
61.4 
59.6 
51.1 
58.7 
68.0 

42.8 
42.4 
41.5 
40.9 
42.5 
39.6 
41.3 
39.4 
32.5 
36.2 
40.7 

3 
1 
5 
8 
6 
9 
12 
5 
3 
2 
1 

23.4 
26.0 
27.0 
'     26.5 
28.6 
30.3 
31.3 
33.4 
35.4 
37.6 
36.0 

9 

9H 

10  -  - 

lOH- 

11    . 

iiH 

12 __. 

12^..     . 

13 .  . 

14 

New  York  City  (Topper  and  Mulier,  1929a,  1929b,  1932) 

10 

2 

7 
6 

5 
4 
2 

1 

27.5 
32.9 
38.4 
42.1 
45.2 
42.2 
60.0 

137.0 
146.3 
151.8 
153.8 
156.2 
157.0 
160.0 

42.5 
49.1 
59.0 
56.9 
60.0 
60.6 
57.0 

40.8 
41.9 
46.0 
42.1 
42.6 
44.0 
35.2 

0 
0 
0 
0 
0 
1 
0 

7 
6 
5 
6 
7 
5 
6 

24.9 
29.1 
30.9 
34.7 
37.7 
41.5 
39.3 

11 ._ 

12     . 

- 

12H-- -  - 

13  .-. _.__ 

13J^ 

50.3 

165.0 

60.0 

39.0 

14 

New  York  (Davenport,  Renfroe,  and  Hallock,  1939) 

10. 

2 

8 
10 
8 
9 
8 

4 

29.2 
33.3 
38.1 
43.2 
47.3 
50.9 
52.1 
52.6 

139.8 
143.2 
149.3 
155.7 
158.3 
159.5 
160.3 
161.5 

41.8 
44.3 
49.7 
49.8 
52.4 
55.3 
54.1 
54.3 

38.6 
38.2 
39.2 
36.2 
36.3 
36.8 
35.6 
35.3 

1 

0 
0 
0 

1 

2 
0 
0 

36.8 

145.7 

49.5 

40.2 

11 
15 
26 
28 
24 
20 
11 
7 

24.6 
26.8 
31.0 
36.1 
39.5 
42.6 
45.2 
44.3 

11 

12  -. 

13 

14 

53.0 
56.4 

165.9 
167.6 

70.3 
70.0 

44.8 
42.8 

15 

16 

17     . 
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for  jive  height-weight-age  divisions — Continued 


Small— Continued 

Overweight 

Underweight 

Total 

Height 

Heat  production 

Measnre- 

Weight 

Height 

Heat  production 

Measure- 

Weight 

Height 

Heat  production 

Meas'ire- 
ments 

ments 

ments 

Washingt 

on  (Esselbaugh,  n. p.)— Continued 

Cal.lsq. 

Cal.jsq. 

Cal.lsq. 

Cm. 

Cal./hr. 

m./hr. 

Number 

Kg. 

Cm. 

Cal./hr. 

m./hr. 

Number 

Kg. 

Cm. 

Cal.lhr. 

m./hr. 

Number 

154.5 
159.8 

61.4 
59.0 

43.3 
39.5 

0 
4 

0 
5 

25 

58.0 

161.8 

63.2 

39.3 

53.3 

176.  2 

62.8 

37.4 

27 

159.4 

61.2 

41.fi 

2 

74.9 

171.8 

74.2 

40.2 

4 

56.3 

177.1 

68.4 

40.7 

28 

165.7 

64.3 

41.9 

4 

77.2 

170.4 

72.0 

38.4 

2 

57.7 

179.8 

72.6 

41.8 

34 

1 

86.6 

172.7 

87.4 

43.5 

2 

53.0 

176.4 

56.2 

33.8 

C  alitor 

Qia  (Eichorn,  n.p.)— Continued 

135.4 

45.5 

44.2 

0 

1 

35.4 

147.5 

55.3 

44.6 

14 

140.8 
141.0 
142.9 

51.5 
51.0 
53.1 

45.5 
45.1 
45.2 

I 
4 

35.2 
41.6 
44.2 

138.4 
144.4 
144.8 

54.8 
57.4 
59.1 

47.1 
44.6 
44.9 

0 
0 
3 

16 

38 

38.1 

155.3 

55.5 

42.3 

45 

144.5 
149.1 

.52.5 
55.5 

44.2 
43.8 

5 
6 

47.6 
51.9 

148.6 
154.4 

63.9 
62.6 

46.4 
42.3 

0 

1 

49 

49.0 

169.5 

73.6 

47.5 

43 

151.8 

.58.9 

44.8 

3 

55.1 

155.2 

64.4 

42.3 

1 

53.0 

172.8 

69.1 

42.7 

45 

155.4 

59.8 

43.3 

3 

56.1 

155.1 

72.0 

47.3 

6 

52.5 

172.6 

67.9 

41.9 

50 

158.1 

61.0 

43.0 

3 

68.9 

165.7 

74.9 

42.6 

4 

56.1 

177.7 

69.6 

40.8 

53 

162.1 

64.6 

42.8 

2 

55  6 

161.0 

69.6 

44.2 

5 

55.6 

176  6 

67.3 

39.9 

42 

163.6 

62.6 

41.2 

3 

68.8 

161.4 

76.1 

42.5 

5 

57.1 

177.6 

68.2 

39.8 

43 

166.1 

65.2 

42.3 

2 

59.3 

163.8 

77.0 

46.8 

7 

57.5 

178.4 

69.4 

40.3 

34 

167.5 

57.8 

36.8 

2 

67.6 

170.4 

72.6 

40.6 

3 

58.3 

189.2 

66.4 

38.0 

28 

168.7 

59.7 

37.6 

2 

61.6 

166.0 

72.4 

42.8 

4 

63.3 

182.2 

71.8 

39.2 

24 

for  Jive  height-weight-age  divisions 


Small— Continued 


Height 


Heat  production 


Overweight 


Measure- 
ments 


Weight 


Height 


Heat  production 


Underweight 


Measure- 
ments 


Weight 


Height 


Heat  production 


Massachusetts  (Talbot,  Wilson,  and  Worcester,  1937)— Continued 


Cm. 
140.5 


Cal./hr. 
56.6 


Cal./sq. 
m./hr. 
49.2 


Number 
1 


Kg. 

34.7 


Cm. 
135.2 


Cal./hr. 
54.3 


Cal./sq. 

m./hr. 

47. 


Number 


Kg. 


Cm. 


Cal./hr. 


Cal./sq. 
m./hr. 


New  York  City  (Taylor,  n.p.)— Continued 


124.6 

40.3 

129.6 

41.9 

127.6 

44.1 

130.3 

42.1 

132.6 

45.1 

135.9 

46.5 

137.4 

47.4 

140.3 

49.7 

141.5 

49.8 

146.6 

46.4 

145.4 

47.5 

44.4 

43.2 

44.9 

42.8 

43.9 

43.1 

43.3 

43.3 

42.2 

,37.1 

38.6 

.36.7  1 

32 

5 

33 

6 

40 

0 

42 

5 

48 

1 

46 

7 

52 

0 

51 

1 

51 

3 

60 

1 

130.1 
131.4 
130.4 
137.8 
139.5 
146.3 
144.3 
159.1 
151.1 
151.6 
157.2 


48.7 

50.6 

48.0 

49.9 

52.8 

57.6 

56.5 

59.2 

56.2 

,58.6 

62.5 

43.9 
47.1 
43.1 
41.1 
41.9 
41.1 
41.8 
40.6 
38.9 
40.1 
38.8 


26.2 


38.7 


44.4 
45.1 


134.0 


153.5 


165.9 
165.0 


46.0 


49.3 


53.9 
57.7 


45.0 


36.9 
39.0 


New  York  City  (Topper  and  Mulier,  1929a,  1929b,  1932)— Continued 


130.6 
136.0 
139.8 
140.1 
145.6 
149.0 
153.8 


38.0 

41.8 

45.6 

51.2 

57.9 

57.3 

55.7 

39.5 

39.6 

41.3 

43.7 

46.7 

43.6 

42.5 

52 

1 

50 

5 

55 

0 

54 

4 

57 

1 

58 

9 

65 

6 

142.8 
144.4 
146.5 
154.5 
153.1 
153.0 
159.3 


49.2 

50.7 

55.9 

64.1 

60.1 

60.9 

61.1 

35.0 

36.6 

38.6 

42.2 

39.9 

39.4 

36.5 

25.0 
30.0 
34.0 


36.0 
42.2 
44.7 


139.0 
146.7 
152.0 


154.0 
161.5 
162.0 


38.5 
43.4 
62.0 

63.8 
63.4 
60.1 

38.1 
38.5 
50.8 


60.2 
46.4 
41.8 


New  York  (Davenport,  Renfroe,  and  Hallock,  1939) — Continued 


126.5 
130. 9 
136.9 
143.7 
146.9 
148.5 
150.6 
149.6 


36.  7 

39.1 

42.3 

47.4 

47.3 

49.6 

47.7 

48.0 

39.3 
39.3 
38.7 
39.3 
37.3 
37.6 
34.7 
35.5 


33.0 
35.6 
39.6 
44.5 
50.9 
54.1 
54.4 
57.4 


129.5 
136.0 
139.3 
145.1 
150.7 
1,53.  8 
154.2 
154.0 


39.7 

46.6 

48.2 

51.0 

54.5 

53.5 

52.8 

59.3 

36.8 

40.7 

39.4 

38.6 

37.7 

35.6 

35.0 

38.5 

25.8 


44.3 
46.3 


160.0 
162.1 
162.7 


37.6 


45.7 
45.2 
57.6 


37.6 


32.2 
31.0 
38.3 
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T 

\BLE  19. — Girls:  Average  heat  production  for 

-Average 

Large 

Small 

Age  in  years 

Measure- 
ments 

Weight 

Height 

Heat  production 

Meas'ire- 
ments 

Weight 

Height 

Heat  production 

Measure- 
ments 

Weight 

X 

e-.v  York  (We'^ster,  Harrington,  and  Wright,  1941) 

1214 

Nu  mber 
5 

Ko. 
43.2 

Cm. 
153.4 

Cal.lhr. 
55.7 

Cal.lsq. 
mjhr. 
41.1 

Number 
0 

Kg. 

Cm. 

Cal.lhr. 

Cal.lsq. 
m.jhT. 

Number 
4 

Kv. 
31.9 

Ohio  (McKay,  1930) 

16 

3 

6 

13 

53.9 
58.8 
53.7 

160.7 
164.8 
161.8 

53.6 
61.7 
53.8 

34.5 
37.5 
34.5 

0 
2 
2 

2 
3 

5 

44.5 
46.5 
48.3 

17                       -     -- 

63.4 
67.6 

167.0 
170.0 

58.4 
66.4 

34.2 
37.3 

17J^      

Michigan  (Hoobler,  n.p.) 

13                       

2 
6 
5 
6 
11 
9 
8 
8 
6 

42.8 
46.4 
49.3 
52.9 
54.5 
56.2 
55.3 
55.9 
58.0 

157.0 
157.6 
158.3 
160.6 
162.2 
162.2 
161.7 
163.2 
163.6 

61.2 
59.0 
58.2 
60.2 
62.8 
60.3 
60.1 
57.5 
57.6 

44.4 
41.2 
39.4 
39.2 
40.2 
37.9 
38.2 
36.1 
35.6 

5 
4 
6 
5 
8 
5 
5 
2 
0 

51.4 
52.6 
56.4 
60.0 
64.1 
61.2 
61.3 
56.5 

163.0 
164.0 
166.2 
167.3 
167.3 
168.3 
169.0 
166.7 

60.9 
63.0 
63.0 
64.0 
67.0 
63.5 
64.0 
62.6 

39.7 
40.5 
38.8 
38.2 
39.0 
37.6 
38.0 
38.6 

1 
2 
2 
0 
0 
1 
0 
1 
4 

39.4 
42.2 
33.7 

13}^      

14                          -     -. 

14J^       

15 

15^       

52.2 

16 

16H             - 

47.7 
48.6 

17 

Kansas  (Harrison,  n.p.) 

10 

4 
7 
4 
6 
5 

28.8 
34.9 
45.9 
52.5 
54.8 

138.6 
144.9 
159.6 
162.7 
162.3 

46.6 
52.3 
52.4 
51.6 
56.9 

44.0 
43.8 
36.4 
33.6 
36.1 

6 
3 
3 
6 
2 

37.6 
40.3 
63.0 
62.1 
63.6 

145.8 
152.7 
168.3 
170.1 
174.0 

54.8 
59.2 
59.7 
58.6 
63.0 

44.4 
45.3 
34.8 
34.2 
34.8 

5 
4 
2 
2 

1 

25.2 
28.2 
42.8 
46.0 
48.8 

11 

14. 

16 

W/i 

Colorado  (Lewis,  Kinsman,  and  Iliff,  1937;  Duval 

1942) 

5 .. 

15 
14 
11 
12 
8 
9 

13 
12 
8 
6 
8 
10 
4 
5 
2 
0 
1 
0 

18.7 
19.6 
20.5 
21.4 
22.8 
23.9 
26.5 
27.3 
30.0 
31.2 
34.3 
35.6 
38.2 
40.8 
47.1 

109.8 
113.1 
114.9 
118.9 
121.8 
124.8 
128.4 
131.0 
133.6 
136.6 
139.4 
141.9 
144.8 
148.4 
153.9 

37.4 
37.3 
38.3 
38.8 
40.3 
41.5 
43.8 
43.7 
45.7 
46.6 
47.4 
48.8 
48.6 
52.7 
54.3 

49.8 
47.7 
47.5 
46.1 
45.8 
45.5 
44.9 
43.7 
43.4 
42.7 
41.0 
41.0 
39.0 
40.6 
38.4 

12 
16 
17 
13 
13 
15 
11 
13 
10 
7 
6 
5 
5 
3 
5 
3 
5 
5 

20.3 
21.7 
23.4 
25.8 
26.2 
29,2 
31.4 
33.3 
36.8 
36.1 
39.8 
39.5 
41.2 
43.5 
45.5 
48.5 
51.5 
54.0 

116.3 
119.5 
123.1 
126.6 
130.2 
133.5 
137.0 
139.6 
142.1 
146.0 
150.9 
152  2 
155.  4 
160.1 
161.4 
161.8 
165.5 
168.7 

37.7 
40.5 
41.9 
44.0 
43.6 
46.6 
46.6 
48.0 
51.5 
51.7 
53.1 
50.1 
53.9 
54.4 
58.3 
60.0 
60.2 
57.7 

46.6 
47.6 
46.8 
46.2 
44.5 
44.7 
42.4 
42.1 
42.8 
42.2 
40.8 
38.4 
40.0 
38.6 
40.3 
40.2 
38.7 
35.8 

5 
4 
5 
8 
7 
8 
4 
3 
3 
4 
3 
3 
2 
4 
2 
2 
3 
3 

15.5 
16.4 
17.5 
17.3 
19.3 
20.2 
20.0 
21.5 
22.9 
23.7 
22.6 
24.7 
27.2 
29.8 
31.4 
32.9 
34.3 
36.4 

51/2 

6... 

6H 

7     

VA 

g 

»y2 

9 

9%- 

10 

lOM 

11 

IVA 

12.. 

12M 

13-- 

46.7 

160.9 

53.3 

36.5 

1314 

Arizona  (Thompson,  n.p.) 

12H 

2 
7 
6 
6 
11 
6 
6 
4 
3 
6 

48.3 
47.0 
46.5 
50.8 
51.2 
50.7 
53.2 
57.0 
53.2 
55.5 

156.0 
158.2 
159.0 
160.7 
160.9 
162.0 
161.6 
163.1 
162.7 
163.0 

57.0 
56.1 
56.6 
55.3 
55.0 
53.5 
53.4 
54.0 
53.3 
49.2 

39.3 

38.7 
39.1 
36.5 
36.2 
35.2 
34.4 
33.6 
34.2 
30.9 

6 
0 
4 
5 
10 
6 
6 
7 
3 
5 

54.2 

164.4 

58.7 

37.1 

3 

0 
3 
3 
2 
1 
4 
2 
1 
0 

32.8 

13 

13}^ 

54.5 
54.8 
56.7 
59.0 
61.2 
59.9 
63.3 
64.9 

167.7 
166.1 
167.4 
170.3 
171.1 
167.9 
173.3 
172.8 

67.4 
57.7 
59.6 
58.7 
57.1 
53.0 
59.7 
55.6 

35.8 
35.9 
36.4 
34.9 
32.4 
31.7 
34.0 
31.3 

41.7 
40.5 
46.0 
36.8 
49.0 
48.7 
48.0 

14 

14}^ 

15 

15H 

IBM 

17  . 

17}^ 

Washington  (Esselbaugh,  n.p.) 

145-i  - 

12 
11 

12 
9 

53.0 
50.0 
54.5 
55.2 

160.8 
160.1 
162.2 
163.7 

53.0 
54.0 
52.8 
50.8 

34.4 
36.0 
33.6 
31.9 

1 
6 
6 
5 

66.4 
62.3 
63.1 
69.3 

168.3 
167.7 
170.5 
172.3 

54.4 
55.1 
54.7 
58.5 

31.0 
32.3 
31.5 
32.4 

1 
5 
1 
5 

42.3 
44.0 
49.1 
48.3 

15 

15H---- 

16 

California  (Eichorn,  n.p.) 

10-- 

4 

5 

12 
17 
18 
18 
24 
18 
14 
11 
10 

8 
11 

3 

32.5 
40.2 
40.4 
42.8 
45.1 
47.3 
51.0 
53.0 
51.6 
55.0 
53.8 
53.3 
54.8 
51.1 

138.1 
147.5 
151.5 
154.3 
156.6 
159.0 
160.6 
161.7 
162.4 
162.9 
163.4 
162.8 
162.9 
163.0 

49.3 
54.6 
53.2 
56.3 
56.7 
56.4 
56.9 
56.8 
54.9 
53.8 
54.9 
54.5 
55.3 
52.7 

44.0 
42.4 
40.8 
41.2 
40.3 
38.7 
37.6 
36.7 
35.7 
34.0 
35.0 
34.9 
35.0 
34.3 

5 
5 
9 

12 
9 

12 
8 
7 
5 
5 
5 
6 
6 
6 

43.1 
50.0 
54.0 
55.2 
55.7 
61.5 
62.8 
62.7 
64.2 
58.9 
59.9 
59.6 
62.4 
62.0 

150.  4 
156.6 
159.5 
161.5 
164.5 
166.4 
166.9 
167.3 
167.6 
167.7 
168.7 
168.3 
168.3 
168.5 

60.4 
58.5 
63.3 
62.7 
62.4 
65.3 
63.2 
60.8 
66.0 
56.7 
60.0 
59.4 
60.0 
57.9 

45.2 
39.7 
41.2 
40.0 
39.0 
38.9 
37.2 
35.6 
38.3 
34.1 
35.6 
35.4 
34.9 
34.0 

1 
3 

6 
8 
8 
6 
8 
4 
6 
4 
5 
6 
1 
3 

26.4 
30.7 
31.6 
34.2 
35.2 
38.3 
40.1 
45.4 
44.0 
46.7 
47.4 
46.7 
49.8 
45.5 

11^ - 

12 

12H 

13 

13J4  - 

14 

14H 

15 

15H . 

16 

IfiJ^ 

17 

nVi 

92 


five  height-weight-age  divisions — Continued 


Small— Continued 

Overweight 

Underweight 

Total 

Measure- 

Height 

Heat  production 

Measure- 

Weight 

Height 

Heat  production 

Meas'ire- 

Weight 

Height 

Heat  production 

ments 

ments 

ments 

New  York  (Webster,  Harrington,  and  Wright,  1941)— Continued 

Col.lsq. 

Cal.lsq. 

Cal.lsq. 

Cm. 

Cal.lhT. 

m./hr. 

Number 

R'O. 

Cm. 

Cal.lhT. 

m./hr. 

Number 

Ko. 

Cm. 

Cal.lhr. 

m.lhr. 

Number 

144.2 

45.6 

39.7 

1 

46.5 

144.2 

52.5 

39.1 

1 

35.7 

154.9 

48.5 

38.2 

11 

Ohio  (McKay,  1930)— Continued 

155.0 

51.1 

36.4 

3 

58.8 

157.3 

59.1 

37  1 

2 

52.4 

170.0 

55.4 

34.6 

10 

155.7 

53.2 

37.3 

2 

58.6 

156.5 

55.8 

35.4 

1 

43.8 

161.0 

50.7 

35.3 

14 

154.8 

54.8 

38.0 

3 

70.4 

163.7 

62.6 

35.6 

2 

54.8 

171.0 

61.9 

37.8 

25 

Michigan  (Hoobler,  n.p.)— Continued 

152.4 
149.9 
149.1 

60.6 
59.3 
47.0 

46  6 
44.6 
36.3 

3 

2 
0 
6 

58.0 
53.9 

150.1 
152.1 

59.9 
59.4 

39.8 
40.0 

0 
0 
1 
2 
0 
0 
2 
1 

11 

14 

40.1 
49.2 

158.4 
164.  1 

66.0 
59.4 

41.5 
39.4 

14 

60  7 

156  9 

62.0 
62.7 
62.5 
61  2 

38.8 
39.7 
39.1 
37  6 
38.5 

19 
26 

7 
5 
10 

59.0 
60.6 
61  6 

156.8 
157.1 
159  2 

157.5 

53.0 

35.1 

20 

48.6 
48.5 

164.0 
165.1 

60.8 
55.1 

40.4 
36.5 

25 
18 

154.3 

45  8 

31.8 

6 

59.0 

156.7 

60.8 

157.2 

54.8 

37.6 

6 

61.0 

159.1 

60.1 

3-2 

0 

16 

Kansas  (Harrison,  n.p.) — Continued 

132.6 

45.5 

46.8 

1 

28.9 

131.1 

44.6 

43.8 

2 

31.2 

143.9 

49.3 

43.4 

18 

134.6 
154.4 
157  4 

45.9 
50.4 
55.1 

44.6 
36.8 
39.0 

1 
0 
2 

37.5 

138.9 

49.9 

41.7 

0 
1 
5 

15 

46.6 
49.0 

166.  8 
165.  1 

47  5 
50.3 

32.4 
33.0 

10 

61.2 

160.0 

53.8 

33.0 

21 

158.7 

50.4 

34.1 

2 

61.4 

159.2 

58.6 

36.1 

5 

49.7 

167.4 

52.0 

33,6 

15 

C 

Dlorado  (L 

3vvis,  Kinsman,  and  Iliff,  1937;  Duval,  1942)— Coatinued 

105.2 

33.8 

50.4 

2 

19.6 

107  8 

39.8 

52.6 

8 

17.0 

111.7 

35.1 

48.0 

42 

107.6 

32.4 

46.0 

2 

20.3 

109.3 

39.4 

50.8 

8 

17.8 

113.6 

36.3 

48.2 

44 

112.2 

35.5 

47.9 

0 

6 

20.0 

120.3 

37.8 

45.8 

39 

114.0 

34.9 

46.6 

1 

24.2 

117.1 

39.1 

44.4 

8 

21.7 

124.  4 

39.5 

45.1 

42 

117  1 

37  0 

46  4 

0 

5 

22  3 

125  6 

38  7 

43  4 

33 

119.7 

38.1 

46  3 

0 

7 

24.3 

130.5 

39.8 

41.  9 

39 

121.5 

36.5 

44.0 

0 

5 

24.2 

130.5 

41.9 

44.4 

33 

123  9 

40  0 

46  0 

0 

5 

26  6 

135  7 

42  1 

41  6 

33 

128.0 

42.5 

46.6 

0 

2 

30.2 

141.3 

44.2 

40.  1 

23 

129.2 

40.0 

42.8 

2 

34.5 

135.  3 

45.5 

40.1 

3 

29.2 

142.3 

45.1 

41.2 

22 

129.6 

38.8 

42.3 

1 

36.2 

137.9 

48.9 

41.8 

4 

32.8 

147.2 

48.3 

40.8 

22 

132.7 

39.0 

40.5 

0 

4 

33.9 

150.8 

50,9 

41.8 

22 

135  5 

41  6 

40  8 

0 

2 

38  4 

156  3 

54  8 

41  8 

13 

14 

139.6 

44.7 

41.2 

0 

2 

42.3 

159.6 

52.2 

37.6 

142.1 

45.6 

40.4 

3 

47.9 

148.4 

54.8 

39.3 

1 

44.2 

162.8 

57.4 

39.9 

13 

144.3 

45.0 

38.6 

3 

52.4 

152.3 

57.7 

39.2 

3 

38.3 

160.7 

50.2 

37.5 

11 

147.0 

47.5 

39.4 

3 

53.2 

154.7 

57.8 

38.5 

3 

41.6 

163.5 

57  2 

40.5 

15 

151.1 

46.9 

37.4 

4 

59.1 

158.5 

59.2 

37.0 

1 

42.4 

165.9 

56.3 

39.3 

13 

Arizona  (Thompson,  n.p.)— Continued 

141.1 

44.9 

38.3 

0 

2 

41.1 

162.1 

55.5 

39.8 

13 

2 
2 

70.6 
56.5 

162.8 
155.6 

67.7 
57.6 

38.9 
37.2 

2 

1 

40.2 
41.7 

159.8 
161.1 

52.2 
45.4 

38.4 
32.5 

11 

152.9 

50.4 

37.5 

16 

155.1 

51.0 

38.2 

1 

45.6 

150.7 

53.8 

38.9 

3 

41.7 

163.0 

54.0 

38.4 

18 

153.0 

58.0 

41.4 

2 

57.0 

157.6 

61.8 

39.4 

3 

46.6 

166.9 

53.7 

35.8 

28 

155.7 

48.6 

37.7 

1 

64.1 

164.2 

58.4 

34.3 

5 

48.3 

165.3 

52.3 

34.6 

19 

156.2 

51.5 

35.2 

1 

53.5 

156.0 

51.1 

33.7 

3 

46.9 

166.8 

50.6 

33.7 

20 

155.1 

47.4 

32.8 

1 

67.0 

165.4 

55.0 

31.5 

6 

49.0 

165.7 

51.6 

33.8 

20 

156.0 

50.8 

35.0 

0 

10 

50.2 

166.4 

56.1 

36.3 

17 

2 

58.8 

156.2 

46.7 

29.5 

4 

51.8 

168.5 

54.5 

34.4 

17 

Washington  (Esselhaugh,  n.p.)— Continued 

149.9 

47.5 

35.7 

3 

54.7 

148.9 

57.1 

38.6 

4 

48.2 

166.5 

54.3 

35.8 

21 

148.7 

51.8 

38.7 

9 

58.0 

157.4 

52.8 

33.5 

5 

49.8 

166.0 

50.9 

33.1 

36 

158.1 

57.9 

39.5 

4 

57.4 

148.4 

49.9 

33.1 

4 

47.2 

169.6 

54.5 

35.9 

27 

155.9 

48.6 

33.6 

3 

59.7 

152.2 

58.1 

33.0 

7 

47.8 

165.8 

50.7 

33.6 

29 

California  (Eichorn,  n.p.) — Continued 

128.2 
135.4 

42.3 
43.0 

43.6 
39.9 

0 

5 

3 
0 

28.7 

141.5 

46.9 

43.3 

13 

48.1 

147.8 

60.7 

43.8 

18 

139.7 

46.3 

41.4 

9 

45.2 

146.1 

55.5 

41.4 

1 

39.2 

157.0 

60.6 

45.6 

37 

144.1 

47.9 

40.4 

11 

49.8 

150.7 

57.3 

40.3 

3 

43.0 

161.2 

57.7 

40.9 

51 

147.4 

48.3 

39.6 

9 

52.3 

1.53.  9 

58.3 

39.3 

3 

43.9 

165.1 

62.3 

43.0 

47 

148.7 

50.1 

39.5 

9 

54.0 

155.2 

59.5 

39.4 

5 

44.8 

163.5 

.'i5.9 

38.4 

50 

151.9 

50.3 

38.2 

7 

59.2 

156.9 

61.0 

38.5 

3 

46.7 

165.8 

57.7 

38.7 

50 

153.0 

51.8 

37.2 

6 

58.4 

157.8 

56.5 

35.6 

10 

46.7 

163.8 

52.7 

35.5 

45 

154.3 

49.7 

35.8 

4 

60.7 

157.0 

56.0 

34.9 

12 

48.3 

165.6 

53.6 

35.3 

41 

154.2 

50.5 

35.5 

4 

62.1 

160.1 

52.6 

32.0 

9 

49.0 

165.9 

52.6 

34.3 

33 

154.4 

50.8 

35.6 

7 

58.9 

158.5 

55.2 

34.6 

8 

53.0 

169.3 

54.4 

33.8 

35 

154.4 

51.1 

35.9 

3 

66.3 

162.9 

59.4 

34.7 

9 

53.2 

167.2 

53.1 

34.0 

32 

158.0 

51.6 

34.6 

5 

63.3 

160.8 

55.6 

33.5 

5 

51.9 

167.3 

51.4 

32.4 

28 

154.8 

46.4 

32.9 

3 

65.6 

161.9 

59.0 

34.8 

5 

51.4 

167.3 

54.9 

34.9 
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Figure  37. — Three  socio-economic  levels  for  California  children,  12  to  is  years  old:     Weight,  height,  and  basal 

heat  production  per  unit  of  body  surface. 
Data  from  Eichorn  (n.p.). 
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XIII. — Appendix  B.- — Results  of  Covariance  Analysis 

COMPARISON  OF  DIFFERENT  WEIGHT-FOR-HEIGHT  CLASSIFICATIONS 

Tables  21  to  24  present  in  detail  covariance  analysis  for  the  four  age  groups,  which  were  summarized 
in  tables  8  and  11. 

Table  21. — Preschool  age  in'terval;  Besults  of  covariance  analysis  for  comparison  of  the  regression 
of  heat  production  on  weight  for  boys  and  girls  ^  within  the  Normal  and  Slender  weight-for-height 
classifications 


Sex 


Source  of  variation 


Deviations  from 
regression 


D.f. 


Mean  sq.^ 


Bovs- 


Girls. 


Pooled  variation  from  individual  regressions. 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 

Pooled  variation  from  individual  regressions. 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


192 

3.  81 

1 

14.  56 

193 

3.  86 

1 

10.  86 

147 

2.  77 

1 

11.  57 

148 

2.  83 

1 

3.  96 

1  Data  from  Lewis  et  al.  (1937);  Duval  (1942). 
-  *=  Significant  at  the  5-percent  level. 

Table  22. — School  Age  to  Puberty  age  interval:  Results  of  covariance  analysis  for  comparison  of 
the  regression  of  heat  production  on  weight  for  boys  and  girls  in  different  weight-for-height  classifications 


Sex 


Source  of  variation 


Deviations  from  regression 


For  Normal  and 
Slender 


For  Normal  and 
Stockv 


For  Normal  and 
Overweight 


For  Stocky 
and  Over- 
weight 


New  York 

City  (Taylor,  n.p.) 

Bovs 

Pooled  variation  from  individual 

regressions. 
Difference  in  regression  coefficients 

D.f. 

Mean  sgA 

-V-.f: 
157 

1 

158 

1 

184 

1 
185 

1 

Mean  sq.^ 
14.  08 

49.  49 
14.  31 
10.  14 
13.  55 

10.  71 
13.  53 
19.  78 

D.f. 

138 

1 

139 

1 

175 

1 
176 

1 

Mean  sgA 
12.  87 

15.  25 
12.  89 
56.  95* 
14.  00 

2.  61 

13.94 

148.  59** 

D.f. 

45 

1 

46 

1 
77 

1 
78 

1 

Mean  sqA 
19.  46 

.07 

Variation  from  common  regression. 
Difference  in  adjusted  means 

19.04 

86.  98* 

Girls  _ 

Pooled   variation  from  individual 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 
Difference  in  adjusted  means 

16.  74 

1.36 

16.  54 

42.72 

New  York  City  (Topper  and  Muher,  1929a,  1929b,  1932) 


Boys. 


Girls. 


Pooled  variation  from  individual 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 

Difference  in  adjusted  means 

Pooled   variation  from  individual 

regressions. 
Difference  in  regression  coefficients . 
Variation  from  common  regression. 
Difference  in  adjusted  means 


53 

1 

54 

1 


14.  57 

22.  11 

14.  71 

180.  17** 


47 


10.  65 


1 

48 

1 
54 

13.  70 

10.  71 

699.  11** 

17.  26 

1 

55 

1 

102.  46* 

18.81 

1111.  83** 

See  footnote  on  p.  97. 
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Table  22. — School  Age  to  Puberty  age  interval:  Results  of  eovariance  analysis  for  comparison  of 
the  regressioio  of  heat  production  on  weight  for  hoys  and  girls  in  different  weight-for-height  classifi- 
cations— Continued 


Sex 


Source  of  variation 


Deviations  from  regression 


For  Normal  and 
Slender 


For  Normal  and 
Stocky 


For  Normal  and 
Overweight 


For  Stocky 
and  Over- 
weight 


New  York  (Davenport,  Renfroe, 

and  Hallock,  1939) 

Boys 

Pooled   variation  from  individual 

regressions. 
Difference  in  regression  coefficients. 

D.f. 

Mean  sqA 

D.f. 

203 

1 
204 

1 
137 

1 
138 

1 

Mean  sq.i 

16.  91 

7.  51 
16.86 
90.  91* 
12.  72 

28.  77 
12.  83 
90.  77** 

D.f. 

Mean  sq.^ 

D.f. 

Mean  sg.i 

Variation  from  common  regression. 
Difference  in  adjusted  means  . 

Girls 

Pooled   variation  from  individual 

regressions. 
Difference  in  regression  coefficients 

123 

1 

124 

1 

12.  69 

1.  21 

12.  60 

318.  63** 

34 

1 
35 

1 

12    41 

8  92 

Variation  from  common  regression 

12  31 

Difference  in  adjusted  means 

62  58* 

Illinois  and  Ohio  (Wang,  1934,  1939;  Wang  et  al.,  1926,  1936) 


Girls_ 


Pooled   variation  from  Individual 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 
Difference  in  adjusted  means 


36 

1 

37 

1 


6.  64 

.  34 
6.  47 
1.  98 


Illinois  (Morse,  n.p.) 


Boys_ 


Pooled  variation  from  individual 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 
Difference  in  adjusted  means 


79 

1 

80 

1 


24.  64 

13.  54 

24.  51 
34.  21 


Colorado  (Lewis,  Kinsman,  and  Iliff,  1937;  Duval,  1942) 


Boys. 


Girls. 


Pooled   variation  from  individual 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 

Difference  in  adjusted  means 

Pooled  variation  from  individual 

regressions. 
Difference  in  regression  coefficients . 
Variation  from  common  regression. 
Difference  in  adjusted  means 


32 


1 
733 

1 
453 

1 

454 
1 


7.89 

590 

5.37 

7.  89 

10.38 

6.30 

1 

591 

1 

380 

64.  84** 
6.  43 
9.  42 

1 

381 

1 

7.  93 

.  76 
7.92 
4.  49 
7.  23 

.  17 

7.  21 
52.  00=* 


369 

1 

370 

1 


6.  88 

77.  77=* 

7.07 

144.  88=* 


39 

1 

40 

1 


California  (Eichorn,  n.p.) 

Boys 

Pooled   variation  from  individual 

294 

13.  52 

315 

17.  12 

280 

15.  40 

63 

34.70 

Girls 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 

Difference  in  adjusted  means 

Pooled   variation   from   individual 

1 
295 

1 
107 

93.  97** 
13.80 
40.  22 
11.  73 

1 
316 

1 
116 

69.  40* 

17.  29 

147.  36** 

12.07 

1 
281 

1 
109 

142.  86** 
15.  85 
22.88 
11.  77 

1 

64 

1 

57 

23.  12 
34.  52 
35.72 
13.66 

regressions. 
Difference  in  regression  coefficients. 
Variation  from  common  regression. 
Difference  in  adjusted  means 

1 
108 

1 

.89 
11.  63 
16.39 

1 

117 

1 

17.  74 
12.  12 
67.  19* 

1 

110 

1 

37.  06 
12.  00 
35.  87 

1 

58 

1 

4.  75 

13.  50 

2.  30 

'  *=  Significant  at  the  5-percent  level;  **=significant  at  the  1-percent  level. 
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Table  23. — Postpubertal  age  interval:  Results  oJ  covariance  analysis  for  comparison  of  the  regression 
of  heat  production   on  weight  for   boys   and  girls   in    different   weight-for-height   classifications 


Source  of  variation 


Deviations  from  regression 


For  Normal  and 

Stock V 


For  Normal  and 
Overweight 


For  Stocks'  and 
Overweight 


New  York  City  (Topper  and  Mulier,  1929a;  1932) 


Pooled  variation  from  individual  regressions. 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


D.f. 


Mean  «?.' 


■f- 

Mean  sq.^ 

28 

13.  53 

1 

4.  43 

29 

13.  22 

1 

119.  70** 

D.f. 


Mean  sqA 


New  York  (Davenport,  Renfroe,  and  Hallock,  1939) 


Pooled  variation  from  individual  regressions.. 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


36 
1 

37 
1 


26.  88 

8.  65 

26.  39 

21.  62 


32 
1 

33 
1 


19.  54 
27.  05 

19.  77 
48.  08 


28 
1 

29 
1 


31.  63 
64.  11 

32.  75 
48.  43 


Michigan  (Hoobler,  n.p.) 


Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


72 
1 

73 
1 


18.  64 

45 

79.  83* 

1 

19.  47 

46 

67.  96 

1 

16.  15 

69 

23.  76 

1 

16.  32 

70 

27.  79** 

1 

14.  10 
3.74 

13.  96 
1.  98 


Arizona  (Thompson,  n.p.) 


Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


73 

19.  55 

1 

13.80 

74 

19.  47 

1 

7.03 

Washington  (Esselbaugh,  n.p.) 


Bovs 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 

Pooled  variation  from  individual  regressions 

Difiference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 

54 

1 
55 

1 
62 

1 
63 

1 

27.  12 
41.  62 
27.39 

28.  81 
24.36 
31.  42 
24.  48 
11.  80 

Girls 

64 
1 

65 
1 

17.  91 
34.  64 

18.  17 
2.  00 

48 

1 

49 

1 

26.82 

.  01 

26.  28 

55.  02 

California  (Eichorn,  n.p.) 


Bovs 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 

145 

1 
146 

1 
151 

1 
152 

1 

28.  76 
39.08 
28.83 
36.  04 
17.75 
.59 
17.  63 
103.  40* 

Girls 

171 
1 

172 
1 

20.  82 
24.  44 
20.  84 
49.80 

90 

1 

91 

1 

23.  11 

23.  53 

23.  12 

.01 

1  *=Significant  at  the  5-percent  level;  **  =  significant  at  the  1-percent  level. 
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Table  24. — Girls  16  years  axd  older  and  boys  18  years  .and  older:  Results  of  covariance  analysis 
for  comparison  of  the  regression  of  heat  production  on  weight  for  different  weight-for-height  classifications 


Sex 


Source  of  variation 


Deviations  from  regression 


For  Normal  and 
Stock V 


For  Normal  and 
Overweight 


For  Stocky  and 
Overweight 


New  York  (Davenport,  Renfroe,  and  Hallock,  1939) 


Girls_ 


Pooled  variation  from  individual  regressions. 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


D.f. 


Mean  sg.^ 


■f. 

Meansg.^ 

29 

14.  55 

1 

2.  29 

30 

14.  14 

1 

236.  66** 

D.f. 


Meansg.^ 


Ohio  (McKay,  1930) 


Girls- 


Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


42 
1 

43 
1 


14.  49 

1.  22 

14.  18 

21.  59 


38 

1 

39 

1 


15.  76 
1.  42 

15.  39 

16.  73 


36 
1 

37 
1 


15.  30 

5.  98 

15.  05 

.  38 


Michigan  (Hoobler,  n.p. 


Girls_ 


Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


31 
1 

32 
1 


17.  16 

10.  78 

16.  96 

2.  54 


38 
1 

39 
1 


12.  37 

3.  54 

12.  15 

.  89 


43 
1 

44 
1 


11.  65 

5.  90 

11.  52 

33.  55 


Arizona  (Thompson,  n.p.) 


Bo  vs. 


Girls_ 


Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


32 

1 

33 

1 

173 

1 

174 

1 


17.  81 
7.  42 

17.  50 
61.  04 

18.  69 
27.  30 
18.  74 
75.  14* 


150 
1 

151 
1 


18.  01 

1.  46 

17.  90 

68.  55 


99 

1 

100 

1 


20.  11 
10.  26 
20.  01 

.  76 


California  (Eichorn,  n.p.) 


Girls- 


Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Variation  from  common  regression 

Difference  in  adjusted  means 


74 
1 

75 
1 


16. 

5. 

16. 

32. 


30 
71 
16 
66 


79 
1 

80 
1 


16.  40 

15.  73 

16.  39 
47.  93 


43 
1 

44 
1 


15.  33 

1.  88 
15.  02 

2.  77 


'  *=  Significant  at  the  5-percent  level;  **  =  significant  at  the  1-percent  level. 


COMPARISON  OF  REGRESSION  COEFFICIENTS 

The  analysis  of  covariance  of  the  regression  coefficients  for  boys  and  for  girls  are  given  in  table  25. 
Analysis  of  covariance  of  the  regression  coefficients  within  regions  are  given  in  table  26  for  children 
(boys  and  girls  combined)  within  the  Preschool  and  School  Age  to  Puberty  age  interval  and  in  table  27 
for  boys  and  girls  within  the  Postpubertal  age  interval. 
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Table  25. — Regression  coefficients  for  boys  and  for  girls:  Results  of  covariance  analysis 

Location 

Investigator (s)  ' 

Source  of  \ariation 

Deviations  from 
regression 

Preschool  a 

ge  interval;  X^ormal  weight-for-height  classification 

New  York  City 

Taylor  (n.p.) 

Lamb  (n.p.) 

Lewis  et  al.   (1937);  Duval 
(1942). 

Pooled  variation  from  individual  regressions 

Difi'erence  in  regression  coefficients 

D.f. 
16 

343 

1 

Mean    sq.  2 
2.36 
4  23 

Texas  . 

Pooled  variation  from  individual  regres.sions 

Difl'erence  in  regression  coefficients 

4   10 

2  73 

Colorado 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

3.  44 
11.  87 

School  Age  to  Puberty  age  interval;  Xormal  weigh t-for-height  classification 

Xew  York  Citv 

Taylor  (n.p.) 

Topper  and  Alulier  (1929b, 

1932). 
Davenport  et  al.  (1939) 

Webster  et  al.  (1941) 

Wang   (1934,    1939);  Wang 

et  al.  (1926,  1936). 
IMorse  (n.p.) 

]\Iaronev      and      Johnston 

(1937). 
Hoobler  (n.p.) 

Lamb  (n.p.) 

Lewis  et  al.   (1937);   Duval 

(1942). 
Eichorn  (n.p.) 

(Xot  tested  as  the  regression  coefficients  were 
approximately  the  same.) 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Do 

Xew  York 

Do 

Illinois  and  Ohio 

92 

1 
297 

1 
98 

1 
50 

1 
101 

1 
23 

1 

14.  62 
146.  03** 

15.  69 
33.  26 
17.  89 
28.  58 

7.  12 
9  26 

Illinois 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

(Xot  tested  as  the  regression  coefficients  were 

approximately  the  same.) 

Pooled  variation  from  indi^idual  regressions 

Difference  in  regression  coefficients 

(Xot  tested  as  the  regression  coefficients  were 

approximately  the  same.) 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

22  90 

Michigan 

84.  14 
7  70 

Do 

27.29 

Texas 

Colorado 

39 
1 

4.  10 
1.  94 

California 

405 
1 

13.29 
30.  48 

School  Age  to  Puberty  age  interval;  Overweight  weight-for-height  classification 

New  York  Citv 

Do 

Taylor  (n.p.) 

Topper  and  Mulier  (1929a, 

1932). 
Davenport  et  al.  (1939) 

Bruch  (1939a  and  b;  1942)... 

Lewis  et  al.   (1937),-  Duval 

(1942). 
Eichorn  (n.p.) 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

126 

1 

58 

1 

18.  22 
92.  56* 
39.  40 
16  89 

Xew  York 

(Xot  tested  as  the  regression  coefficients  were 

approximately  the  same.) 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

(Xot  tested  as  the  regression  coefficients  were 

approximately  the  same.) 

Xew  York  City 

Colorado 

California    _ 

24 

1 

87 

1 

29.23 
45.  09 

7.  98 
54.  17* 

Postpubertal 

age  interval;  X'ormal  weight-for-height  classificati 

on 

Xew  York 

Colorado 

Davenport  et  al.  (1939) 

Lewis  et  al.   (1937);   Duval 

(1942). 
Esselbaugh  (n.p.) 

Eichorn  (n.p.) 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

34 

1 

36 

1 

84 

1 

261 

1 

19.  73 

36.  81 

13.87 

106.  10** 

Washington 

California 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

26.  89 
130.  42* 

23.  43 
160.  89** 

Postpubertal  a; 

ye  interval;  Overweight  weigl^t-for-height  classifica 

tion 

X'ew  York 

Washington 
California 

Davenport  et  al.  (1939) 

Esselbaugh  (n.p.) 

Eichorn  (n.p.) 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

40 
1 

74 

1 

118 

1 

32.  60 
9.  01 

23.54 
1.43 

23.  73 

28.  27 

'  For  Literature  References,  see  section  XI. 

-  *=Significant  at  the  5-percent  level;   **  =  significant  at  the  1-percent  level. 
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Table  26. — Within  region  comparison  of  the  regression  coefficients  for  children  '  within  the 
Preschool  and  School  Age  to  Puberty  age  intervals:  Results  oj  covariance  analysis 


Region 

Source  of  variation 

Deviations  from 
regression 

Preschool  age  interval;  Normal  weight-for-height  classification 

All  locations 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients    .  _          . .              .    _  _ 

D.f. 
395 
2 

Mean  sq.- 

4.  33 

10  00 

School  Age  to  Puberty  age  interval;  Normal  weight-for-height  classification 

All  locations  .     .__... 

Pooled  variation  from  individual  regressions 

2785 

14 

790 

4 

291 

4 

1704 

4 

13  06 

Difference  in  regression  coefficients    _.      ._          ... 

148   12** 

Northeast  .           

Pooled  variation  from  individual  regressions 

17  08 

Difference  in  regression  coefficients 

194  84** 

North  Central 

Pooled  variations  from  individual  regressions. 

16  58 

Difference  in  regression  coefficients    . 

60  50** 

Western  and  Texas 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

10.  60 
176.  98** 

School  Age  to  Puberty  age  interval ;  Overweight  weight-for-height  classification 

All  locations 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

552 

8 

24.  17 
12.  98 

'  Data  for  boys  and  girls  were  combined  within  locations;  see  table  17. 
-  **=  Significant  at  the  1-percent  level. 


Table  27. — Within  region  comparison  of  the  regression  coefficients  for  boys  and  girls  within 
the  Postpubertal  age  interval:  Results  oj  covariance  analysis 


Source  of  variation 

Boys 

Girls 

Region 

Deviations  from 
regression 

Deviations  from 
regression 

Normal  weight-for-height  classification 

All  locations  . 

Pooled  variation  from  individual  regressions.  _ 

D.f. 

228 

4 

32 

1 

196 

2 

Mean  sg.' 
28.  12 
109.  94** 

27.  81 
47.  20 

28.  17 
60.  26 

D.f. 

372 

10 

133 

6 

239 

3 

Mean  sq.^ 
17.  29 

Northeast  and  North 

Central. 
Western 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

Pooled  variation  from  individual  regressions 

Difference  in  regression  coefficients 

32.  64* 
18.  38 
12.  17 
16.  68 
42.  15 

Overweight  weight-for-height  classification 

All  locations 

Pooled  variation  from  individual  regressions      .... 

72 
3 

25.  77 

27.  71 

344 

8 

22.  55 

Difference  in  regression  coefficients 

29.  43 

=  Significant  at  the  5-percent  level;  **  =  Significant  at  the  1-percent  level. 
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